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FOREWORD 


This  report  was  prepared  under  task  number  314802  by  1/Lt  Paul 
J.  von  Doehren,  Air  Force  Rocket  Propulsion  Laboratory  (RPCL).  The 
general  format  of  this  report  is  based  in  part  on  a  compilation  (not 
published  as  a  formal  report)  by  1/Lt  William  H.  Summers,  AFP.PI  (PJ’CL) 
prepared  in  May  1963,  The  densities  and  heats  of  formation  of  aolid 
propellant  components  were  abstracted  from  an  unpublished  compilation 
by  Curtis  C.  Selph,  AFRPL  (RPCL).  Acknowledgement  of  assistance 
received  in  the  assembly  and  verification  of  tht  data  presented  in 
this  report  is  extended  to  the  Liquid  Propellant,  solid  Propellant, 
and  Chemical  and  Materials  Eranches  of  the  Propellant  Division, 

AFRPL. 


Classified  information  h*i  been  extracted  from  documents  lister 
under  "References"  marked  with  an  asterisk  (*) . 


This  technical  report  has  been  reviewed  and  is  approved. 


ITS,  Lt  Colonel, 


VBITS , 

Chief,  Propellant  Division 


USAF 


SLWOOD  M.  DOUTHLTT 
Colonel,  USAF 

Commander,  Air  Force  Rocket  Propulsion  Laboratory 
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UNCLASSIFIED  ABSTRACT 


A  compilation  of  data  on  both  liquid  and  solid  propellants  is  presented 
with  emphasis  or.  liquids.  Physical  properties  oi  liquids  include:  boiling 
point,  freezing  point,  density,  hect  of  formation,  vapor  pressure,  critical 
properties,  heat  of  vaporization,  viscosity  and  specific  heat.  A  discussion 
f  the  preparation  method,  toxicity,  sensitivity,  compatibility  and  avails- 
ility  of  liquid  propellants  is  also  given.  Property  data  on  solid  propel¬ 
lant  components  consists  of  densities  and  heats  of  formation.  The  results 
of  theoretical  calculations  on  the  performance  of  both  liquids  and  solids 
is  presented  and  includes,  when  available  and  applicable,  the  maximum  spe¬ 
cific  impulse,  characteristic  exhaust  velocity,  chamber  temperature,  mix¬ 
ture  ratio,  bulk  density,  maximum  density  Impulse  and  mixture  ratio,  vacuum 
specific  impulse  and  ares  ratio. 
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INTRODUCTION 

This  handbook  is  Intended  as  a  source  of  general  information  con¬ 
cerning  rocket  propellant  properties  and  theoretical  performance.  The 
inclusion  (or  exclusion)  of  a  propellant  or  propellant  combination  dots 
not  necessarily  reflect  the  current  Air  Force  interest  in  propellant 
systems.  Scans  general  comments  concerning  the  treatment  and  compilation 
of  data  for  this  handbook  are  outlined  in  the  following  paragraphs 

Liquid  Propellant  Properties 

The  sections  on  liquid  propellant  properties  give  physical  property, 
preparation,  toxicity,  sensitivity,  compatibility  and  availability  data 
for  rocket  propellants.  Additional  information  in  these  areas  is  avail¬ 
able  in  many  cases  by  referring  to  the  original  source.  When  several 
different  values  of  a  physical  property  were  found,  in  general,  either 
the  one  appearing  most  frequently  or  the  latest  value  was  selected.  If 
a  value  is  in  question  or  its  precision  critical  then  It  would  be  advis¬ 
able  to  refer  to  the  original  reference. 

Propellant  property  information  will  be  available  after  June  1966 
frcmi  Contract  AF  04 (611)- 10546,  "Engineering  Property  Data  on  Rocket 
Propellants".  The  handbook  published  under  this  contract,  whan  avail¬ 
able,  should  be  consulted  for  current  property  information. 

Liquid  Propellant  Theoretical  Performance 

The  latest  JANAF  propellant  data  was  used  in  calculating  theoretical 
propellant  performance  on  the  AFRPL  (IBM  7040)  computer  program.  Curves 
.of  specific  impulse,  chamber  temperature,  clwtractcr  facie  exhaust  velocity, 
etc.  vs  percent  oxidizer  were  plotted  by  hand  and  the  appropriate  values 
extracted  from  these  curves.  The  performance  values  are  intended  to 
provide  a  rough  means  of  determining  the  relative  merit  of  propellant 
combinations. 

No  allowance  was  made  for  thu  gelling  agent  or  emulsion  external 
phase  when  calculating  the  theoretical  periormunce  oi  metal  suspension 
systems.  Tine  duiu  for  these  systems  can  therefore  be  considered  an  upper 
limit  of  performance  since  the  additives  to  produce  gels  or  emulsions 
\  have  a  relatively  low  performance  level.  The  amount  of  degradation  in 
'■performance  will  vary  according  to  the  amount  and  type  of  gulling  agent 
or  external  phase,  used. 

Solid  Propellant  Properties 

This  section  gives  densities  and  heats  of  formation  for  various 
fuels,  oxidizers,  binders  and  additives.  This  information  was  originally 
assembled  at  a  data  source  for  in-house  theoretical  performance  calcula¬ 
tions. 
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Solid  Propellant  Theoretical  Performance 

The  theoretical  performance  data  for  selected  solid  propellant  cost- 
positions  are  listed  according  to  the  fuel  and  oxidizer  used.  The  infor¬ 
mation  was  assembled  from  AFRPL  calculations  and  available  literature 
and  is  intended  to  give  an  overall  view  of  the  theoretical  performance 

available  from  selected  solid  propellant  compositions . 
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HYDRAZINE 

Formula:  N.H, 

Physical  Properties: 

Boiling  Point: 

113^C 

(1) 

Freezing  Point: 

1.4°C 

CD 

Density: 

1. 508  g/ea  @  20°C 

(1) 

Heat  of  Formation: 

+12,05  Kcal/mole  @  298.15^C 

(2) 

.•v Vapor  Pressure: 

0.204  psia  @  20  C 

2.806  peia  <?  7Q°C 

(D 

Critical  Temperature: 

330  C 

(!) 

Critical  Pressure: 

145  atm 

(1) 

Heat  of  Vaporization: 

10.7  Kcal/mole  @  25.0°C 

(1) 

Viscosity: 

0.9736  cp  &  20°C 

(1) 

Specific  Heat: 

0.  738  cal/gmtJC  @  25°C 

(1) 

Preparation:  Hydra* Ine  la  manufactured  by  the  Raschig  process,  which 
involves  the  oxidation  of  ammonia  to  chloramine,  either  indirectly 
with  aqueous  sodium  hypochlorite  cr  directly  with  chlorine,  and 
subsequent  reaction  of  chloramine  with  arenas  ammonia,  (9) 

Toxicity:  If  spilled  on  the  skin  or  in  the  ey«a,  liquid  hydrazine  can 

cause  severe  local  damage  or  burns  and  can  cause  dermatitis.  In 
addition,  it  can  penetrate  skin  to  cause  systemic  effects  similar 
to  those  produced  when  the  compound  is  swallowed  or  inhaled.  If 
inhaled,  the  vapor  causes  local  and  systemic  effects,  Repzatod 
exposure  racy  cause  toxic  damage  to  the  liver  and  kidney,  as  well 
as  anemia.  The  threshold  limit  is  1  ppm  (1.3  mg/cu  m).  (7) 

Sensitivity:  Hydrazine  is  a  stable  liquid  under  the  extremes  of  heat 
and  cold  expected  in  long-term  storage.  It  will  freeze,  but  con¬ 
tracts,  aonovessel  damage  results,  freezing  does  not  affect  the 
chemical  progerties  of  hydrazine.  Thermal  decomposition  begins 
ut  about  320°F,  but  if  hydrazine  is  permitted  to  remain  in  contact 
with  catalysts  such  as  copper,  molybdenum  or  iron  oxide,  decomposi¬ 
tion  may  occur  at  room  temperature.  Liquid  hydrazine  is  stable  to 
shock.  Hydrazine  vapor  can  be  exploded  by  a  spark  or  flame  if  it 
is  within  the  flammablo  limits.  (7) 


Compatibility:  The  following  metals  may  be  used  with  hydrazine: 

stainless  steel  (303,  304,  316,  service  limited  to  160  F,  321  and 
347),  nickel,  aluminum  (3003,  5052,  5154,  1060  and  6061).  Non- 
metals  include  Teflon,  high-density  polyethylene  and  unplnstlcf zed 
Kel-F.  Thus  far,  a  completely  satisfactory  lubricant  has  not  been 
developed.  The  Quigley  Company's  "Q-Seal"  is  being  used  with  fair 
results.  (7) 
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MCNCMETHYL  HYDRAZINE  (Mffl) 


Formula: 


(CH^HNNfcL 


Fnysieal  Properties: 

tolling  Point: 

87.5°C 

Cl) 

Freezing  Point: 

-52. 4C 

m 

Density: 

0.8743  @  25°C 

(i> 

Heat  of  Formation: 

12.7  Kcal/mole 

Cl) 

Vapor  Pressure: 

49.  63  ran  Hg  <?  25°C 

CO 

171  mm  Eg  @  50°C 

CO¬ 

Critical  Temperature: 

— 

Critical  Pressure: 

— 

neat  of  Vaporization: 

9648  cal/mole  @  25  ^ 

CO 

Viscosity: 

0.893  centistokes 

(1) 

Specific  Heat: 

32.25  cal/mole°K  @  25°C 

(1) 

Preparation:  MMH  may  be  produced  by  a  modified  Raschiv 

process; 

oethylamine  is  substituted  for  ammonia  in  the  reactor  with  chlo- 

ramine  (see  hydrazine). 

(9) 

Toxicity:  Liquid  MMH  in  contact  with  skin  or  aves  can  cause  local 

damage  resembling  burns; 

;  in  addition,  it  can  penetrate  Bkin  to 

cause  systemic  effects. 

Inhalation  of  the  vapor  causes  from  slight 

to  severe  irritation  cf 

the  respiratory  passages,  as 

well  as  systemic 

effects.  Evidence  on  the  effects  of  chronic  toxicity  i?  lacking. 

No  threshold  limit  value  for  MMH  has  been  recommended;  consideration 
of  data  on  its  acute  toxicity  and  analogy  with  UEMH  and  hydrazine 
suggest  that  the  proper  value  should  be  below  0.5  ppa.  (7) 


Sensitivity:  MMH  is  a  stable  liquid  under  the  extremes  of  heat  and 
cold  expected  in  loug-tertn  storage.  It  will  freeze,  but  because 
it  contracts  on  freezing  there  is  no  damage  to  storage  vessels. 

It  is  stable  up  to  its  atmospheric  boiling  point  if  kept  from  con¬ 
tact  with  oxygen.  Catalysts  such  aa  rust,  copper  or  copper  alloys 
can  cause  it  to  decompose  and  finally  to  ignite.  MMH  is  stable  to 
friction  or  impact.  Vapors  of  MMH  within  flammable  limits  can  be 
exploded  by  a  spark  or  flame.  (7) 


Compatibility:  The  acceptability  of  materials  in  contact  with  MMH 
depends  upon  the  specific  application  for  which  they  are  intended. 
The  requirements  for  long-term  storage  differ  considerably  from 
those  pertaining  to  a  once-used  piece  of  equipment.  If  the  proper¬ 
ties  (or  other  aspects)  of  a  material  indicate  the  desirability  of 
its  use,  it  would  be  well  to  evaluate  this  material  with  MMH  under 
the  conditions  expected  taring  operetion  before  removing  it  from 
consideration.  Because  of  MMH's  solvent  properties,  no  completely 
suitable  lubricant  hf.s  been  found.  (7) 
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Availability:  Readily  available.  Present  coat:  $2,4?  bulk  pound. 
Projected  cost  for  larger  scale  production  is  $0.60  to  $1. 25/lb. 
(9) 


Military  Specification,  Mil-P- 27404,  Propellant,  Monomethyl  Hydraeine 
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UNSYMMETRICAL  DIMETHYL  HYDRAZINE  (UDMH) 
Formula:  (CH3)2NNH2 


Physical  Properties: 


~  ■  ■*—■■■  .  ■  i  r  -r  ■ 

Soiling  Point: 

63‘C 

(1) 

Freezing  Point: 

-57. 21°C 

(1) 

Density: 

0.7861  <3  25  C 

(1) 

Heat  of  Formation; 

+11.9  Kcal/mole  <?  298. 15°K 

(2) 

Vapor  Pressure: 

2.3668  (?  25°C 

U5 

Critical  Temperature: 

249  u 

(1) 

Critical  Pressure: 

60  atm 

(l) 

Heat  of  Vaporization: 

8.366  Kcal/mole  @  25  C 

(i) 

Viscosity: 

0.509  cp  (3  25  C 

(l) 

Specific  Heat: 

0.  6526  cal/gm°C  <?  25°C 

(l) 

Preparation:  UIMH  can  be 

produced  commercially  by  nitrosat 

ion  of 

dimethylamine,  to  N~nitrosodimethylamine,  followed  by  reduction  of 
the  intermediate  to  UDMH  and  subsequent  purification.  UDMH  can  be 
prepared,  also,  by  a  modification  of  the  Raschig  process,  in  which 
the  chloramine  intermediate  is  reacted  with  dimethylamine  rather 
than  with  ananonia.  (9) 

Toxicitv;  UDMH  is  mildly  irritating  to  skin  and  eyes  and  can  penetrate 
skin  to  cause  systemic  toxicity,  but  it  is  not  as  dangerous  irt  this 
regard  as  hydrazine.  The  vapor  causes  eye  and  respiratory  irritation 
ac  well  as  systemic  effects.  The  results  of  repeated  exposure  m^y 
be  chronic  poisoning,  characterized  by  anemia.  The  threshold  limit 
of  UDMH  is  0.5  ppm.  (7) 

Sensitivity:  UDMH  is  net  shock  onnaitive.  It  shows  ggod  thermal 
stability,  even  up  to  its  critical  temperature,  480  F.  The  spon¬ 
taneous  decomposition  temperature  of  UDMH  in  an  atmosphere  of  nitro¬ 
gen  or  helium  has  beer,  determined  to  bo  740  F  to  750  F  at  1  atmos¬ 
phere,  but  decomposition  does  not  become  explosive  up  to  at  least 
1112  F.  (7) 

Compatibility:  UDMH  is  compatible  with  most  common  metals  and  may  be 
handled  in  containers  made  of  those  materials  under  a  wide  variety 
of  conditions.  There  is  no  known  limitation  on  use  of  UDMH  with 
nickel,  Monel  or  types  303,  304,  316,  321  and  347  stainless  ateel. 

It  has  been  noted  that  aluminum  is  attacked  to  some  extent  by 
dilute  aqueous  solutions  of  UDMH.  UDMH  typically  contains  about 
0, 17.  water.  The  uue  of  copper  and  high  copper  alloys  Is  prohibited 
in  UDMH  transfer  and  storage  equipment.  In  view  of  the  variable 
nature  of  the  service  in  which  nonmetals  may  be  used,  it  is  unde¬ 
sirable  to  be  specific  regarding  their  performance.  Apiezon  L  and 
Reddy  Lube  200,  the  best  lubricants  currently  known,  are  satis¬ 
factory  for  many  applications.  (7) 

Availability:  Readily  available  at  $.56  a  bulk  pound. 

Military  Specification,  Mil-P-25604,  propellant,  una  Dimethyllr/dratine 
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UNCLASSIFIED 


50/50  UDMH/N  C,  (AEROZINE  50) 
>  4 


Composition:  51/!.  N0K, 

497.  (6Hj)2SNH2 


Physical  Properties: 

Boiling  Point: 

70. 1°C 

<10) 

Freezing  Point: 

17.3  C  Q 

(10) 

Density: 

0.899  g/cc  6  25  C 

(10) 

Heat  of  Formation:* 

12.251  Kcal/mole  25  C  (calc) 

v'10) 

Vapor  Pressure: 

142.1  mm  Hg  @  25°C 

(10) 

Critical  Temperature: 

334  C  (calc) 

(10) 

Critical  Pressure: 

115.4  atm  (calc) 

(10) 

Heat  >1  Vaporization: 

236.7  cal/gm  (calc) 

(10) 

Viscosity: 

0.91  centistokes  @  25°C 

(10) 

Specific  Heat 

0.694  cal/gm°C 

(10) 

Preparation:  50/50  is  a  mixture  of  commercial  concentrated  hydrazine 
and  commercial  UDMH  in  approximately  equal  portions  by  weight. 

Typical  composition:  N  H,  51.0%,  UDMH  48.2%,  H,0  0.5%  and  other 
impurities  0.3%.  (10) 

Toxicity:  UDMK  constitutes  907.  of  the  vapor.  It  may  be  absorbed 
through  the  intact  skin,  by  inhalation  of  fumes  and  by  ingestion. 
50/50  can  cause  irritation  of  the  mucous  membranes  of  the  eyes, 
respiratory  passages,  lungs  and  gastrointestinal  tract.  Immediate 
symptoms  of  inhalation  are  chest  pain,  coughing,  wheezing,  nausea 
and  vomiting.  If  large  amounts  have  been  inhaled,  pulmonary  edenw 
may  occur.  Allowable  concentration,  0. 5  ppm.  (11) 

Sensitivity:  Both  constituents  react  with  air  so  that  50/50  should 
be  kept  under  a  nitrogen  blanket.  (See  UDMH  and  Hydrazine)  (10) 

Compatibility:  Compatible  with:  stainless  steel,  aluminum,  titanium 
and  nickel  alloys.  Diamine  Nylons,  Teflon,  certain  butyl-rubber 
compounds,  graphite  and  some  si licone-base  greases.  Alloys  of 
copper  may  be  used  only  in  specific  applications  upon  advice  of  a 
metallurgist.  Alloys  of  magnesium  and  zinc  are  not  recommended.  (10) 

Availability:  Readily  available  at  $. 66/lb. 

Remarks :  for  further  information  see  references  (10)  and  (11). 


*Based  on  the  composite 


formula  c0>  678^5.  356N2. 0 


Military  Specification,  Mil-P-27402 ,  propellant,  Hydrazine  - 
uns-Dimethy lhydrazine  (507.  N2H4  -  50%  UDMH) 


UNCLASSIFIED 


UNCLASSIFIED 


RP-l 


Formula:  CH^  9532 

Physical  Properties: 
3oiling  Point: 
Freezing  Point: 

Dens tty : 

Heat  of  Formation: 
Vapor  Pressure: 
Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


177  to  274°C 
-40°C  (maximum) 

0.801  to  0.515  g/cc  3  20°C 
-5.76  Kcal/mole 
0. 36  paia  @  6 6°C 


16.5  centistokes  @  -34,4°C  (Mil  Spec) 


<S) 

(9) 

(Mil  Spec) 
(3) 
(1) 


Preparation:  RP-l  is  a  straight-run  kerosene  fraction,  which  is  sub¬ 
jected  to  further  treatment,  i.e.  acid  washing,  sulfur  dioxide 
extraction.  Unsaturated  substances  vfcich  polymerize  in  storage 
are  removed,  as  are  sulfur-containing  hydrocarbons.  The  kerosene 
must  be  obtained  from  crudes  with  a  high  naphthene  content.  (9) 

Toxicity:  RP-l  produces  moderate  skin  irritation  and  a.: ter  more  than 
momentary  contact  can  cause  scaling  and  fissuring  of  the  skin.  The 
main  danger  comes  from  accidental  swallowing;  while  not  especially 
toxic  by  this  route,  gasping  while  swallowing  or  aspiration  from 
improperly  induced  vomiting  can  introduce  the  liquid  into  the  lungs, 
and  pulmonary  edema  may  ensue. 

Sensitivity:  RP-l  is  chemically  stable  and  insensitive  to  shock.  It 
shows  gooc  thermal  stability  over  a  wide  range  of  ambient  storage 
temperatures,  but  exposure  to  high  temperatures  accelerates  the 
formation  of  gum  and  sediment. 

Compatibility:  Steel  should  be  used  with  RP-l.  Copper  alloys  (with 
bra  s,  bronze  or  beryllium)  should  not  be  used  where  they  will  be 
continually  in  contact  with  the  fuel,  as  they  promote  gum  forma¬ 
tion.  The  following  non-metals  may  be  used:  vinyls,  Teflon,  Kel-F, 
polyethylene,  polyamides,  neoprene,  Buna  N  and  asbestos,  cork  and 
paper  gasket  materials  designed  for  this  service.  Graphite- base, 
molybdenum-disulfide  and  some  silicone  and  fluorocarbon  lubricants 
may  be  used. 

Availability:  RP-l  is  readily  available  at  $.15  a  pound. 


Military  Specification,  Mil-P-25576,  Rocket  Fuel  RP-l 


UNCLASSIFIED 


UNCLASSIFIED 


fiyuROGliN 


H2 

rhv3icai  Properties: 
Boiling  Point; 
Freezing  Point: 
density : 

Heat  Oi  Formation: 
Vapor  Pressure: 
Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vapor iaation : 
Viscosity: 

Specific  Heat 


20. 39 °K  (1) 

-25P, 14°C  (1) 

0.0710  g/cc  ©  20.3ST.K  <1) 

-1.887  Kcal/esole  @  20,4°K  (1) 


33.26°K  <1) 

12.8  atm  (1) 

0.2193  r-  i/taole  (?  20*38°S  (1) 

140.5  x  *«r6  poise  @  20.39°K  (1) 

1.4S  cal/gm  <3  -253°C  <1) 


Preparat, Ion :  Hydrogen  is  produced  from  by-product  hydrogen,  froia 
petroleum  refining  find  the  partial  oxidation  of  fuel  oil.  The 
gaseous  hydrogen  is  purified  to  99*999’*'  per  cent,  and  then  liqui¬ 
fied  in  the  presence  of  paramagnetic  metallic  oxide*,  it  is  coee- 
jtot ;fid  of  99,79  per  cent  parahydrognn*  (9) 


Toxicity:  Hydrogen  is  not  toxic  in  the  usual  sense.  Series  burns 
can  result  when  skin  or  other  tissues  come  into  contact  with  the 
liquid  or  with  pipes  and  v«lvea  containing  the  liquid  because  of 
rts  temperature.  The  gas  can  exclude  oxygen  and  cause  asphyxia¬ 
tion.  Cold  hydrogen  vapors  can  also  ''burn*1  the  skin,  (7) 


Sen«itlvlfy:  Liquid  hydrogen  is  chemically  stable.  Because  of  its 
low  boiling  point,  it  is  physically  stable  only  when  stored  under 
suitable  conditions.  (/) 


Oxapatibility:  The  ability  of  materiaio  to  retain  satisfactory 
properties  and  withstand  stresses  caused  by  large  temperature 
changes  is  of  prime  importance.  Suitable  metals  Include:  stain¬ 
less  steel  (300  and  other  austenitic  aeries),  copper,  bionae, 
brass,  Monel,  aluminum  and  Ever"  Non-metals,  include:  Dacron, 
Teflon,  Kel-F,  Asbestos  imprugim. . a  with  Teflon,  Mylar  films  and 
Nylon,  Lubricants  are  generally  not  practical  in  the  presence 
of  liquid  hydrogen,  for  they  soliuify  and  become  brittle  at  the 
liquid's  temperature.  Vacuum  grease  Is  satisfactory  as  a  sealant 
with  "0"  rings.  (7)  1 

Availability:  Readily  available,  present  cost  is  $.85  per  pound. 
Larger  scale  production  is  expected  to  reduce  the  cost  to  $0,50 
per  pound.  (9) 


Military  Specification,  Mil-P-27?Q1,  Propellant,  Hydrogen 


UNCLASSIFIED 


UNCLASSIFIED 


Formula:  NH„ 

Physical  Properties: 
Boiling  Point: 
Precaing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 
Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat : 


-33U°C 
-77, 7°C 


0.6920  g/cc  @  -33.4°C 
“17.14  Kcai/taole 


132. 4°C 


111.3  atm 

4805  cal/mole  <?  25°C 
0.266  cp  @  -33,5  C 
18.12  cal/mole°C  @  -33.1°C 


Preparation:  Ammonia  la  produced  by  the  Haber-Bosch  procsss,  in 

which  the  elements,  nitrogen  and  hydrogen,  are  united  at  a  temper¬ 
ature  of  500  to  600°C  and  a  pressure  of  approximately  200  alia  in 
Che  presence  of  a  promoted  iron  catalyst.  (9) 

Toxicity:  Liquid  ammonia,  because  of  its  low  temperature  and  caustic 
properties,  can  cause  damage  to  the  skiu  and  eyes.  The  vapor  is 
irritating  to  the  skin,  eyes  4nd  respiratory  tract.  The  threshold 
limit  value  is  50  ppm.  The  odor  ia  usually  detectable  below  the 
limit.  Inhalation  of  concentrations  around  2500  ppm  are  hazardous 
to  life  in  one-half  hour.  (7) 

Sensitivity:  Ammonia  is  very  stable  and  is  nut  shock  sensitive.  It 
in  thermally  stable  at  temperatures  as  high  as  480°C,  above  which 
dissociation  to  nitrogen  and  hydrogen  begins,  (7) 

Compatibility:  Anhydrous  ammonia  (liquid)  and  ammonia  vapor  may  be 
used  with  nlckal  and  etainless  steal  (300  and  400  eerlee)  at  all 
temperatures  and  with  steel  it  ambient  temperatures.  Teflou, 

Kel-F  and  pure  asbestos  may  be  used,  Fluorolubae  or  Che  per fluoro¬ 
carbons  may  be  used  as  lubricants.  Other  materials  which  have  been 
tested  and  approved  for  ammonia  service  may  be  used.  (7) 

Availability;  Anhydrous  ammonia  is  readily  Available  at  $.05  a  pound. 


Military  Specif icetlon,  Mil-P-27406  (Mot  Approved) 


UNCLASSIFIED 


UNCLASSIFIED 


PENTABORANE 


yotwi  la : 

Physical  Properties : 
Bailing  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 

Critical  Temperature: 
Critical  Treasure: 
Heat  of  Vaporization: 
Viscosity s 
Specific  Heat. 


w*  u  v» 

0,618  g/ee  (?  25°C 
+7.74  Kcal/mole  g  298.15°K 
V:  7  tmn  Hg  (?  0.0  G 
4.0  psia  (§  25°C 


7.28  Kcal/mole  (3  25°C 
0,49!)  cent  is  token  $  2,5°C 
36. 2  cal/molc°C  @  25°C 


(16) 

(16) 

(16) 

(2) 

(16) 

(1«) 


(16) 

(16) 

(16) 


Preparation;  Feutubarauc  is  produced  by  the  pyrolysis  of  dlborane; 
the  conversion  is  not  a  clean  cut  reaction.  The  resulting  products 
are  dependent  upon  the  pyrolysis  temperature.  At  180  C  the  pre¬ 
dominant  products  arc  and  (9) 


Toxicity:  Inhalation  in  the  nwsfc  common  means  by  which  pa<  tabarane 
enters  the  body.  In  most  cases  of  poisoning,  there  will  be  signs 
and  symptoms  of  the  involvement  of  the  central  and  possibly  the 
peripheral  nervous  systemu.  The  onset  ol'  symptoms  may  be  delayed 
several  hours.  Exposure  may  cause  abnormalities  for  several  days 

despite  outward  appearances  and  recovery  may  not  b»»  complete  for 

several  weeks.  The  threshold  limit  is  0.005  ppm  (0,01  mg/eu  m),  (7) 


Sensitivity:  In  the  absence  oi  air  or  contaminants,  pentaborane  is 
stable  at  room  temperature.  It  decomposes  at  302°F,  but  not  ex¬ 
plosively.  Small  amountB  oi  oxygen  or  raoistura  will  cause  solid 
deposits  to  form  in  pentaborane.  Metal  oxides  also  affect  its 
stability.  (7)  Pentaborane,  by  itself,  is  insensitive  to  shock, 
however,  it  may  form  shock  sensitive  compounds  with  most  chlorinated 
organic  compounds  having  moru  than  one  chlorine  per  carbon  or  con¬ 
taining  carbonyl  groups.  (16) 

Compatibility:  The  following  metals  are  approved  for  use:  aluminum 
(5052-S,  6061- T6,  7075- T6,  2024- T3,  3003-1114,  35t-T6)  (These  alloys 
may  be  anodized),  stainless  steel  (18-8  series),  low  carbon  steels, 
K-Monel,  Monel  M-8330-B,  nickel,  Nichrome  "V"  Magnesium,  Fed-QQ-M- 
44A  and  red-QQ-M-56-A263,  titanium  C-130AM  and  C-110AM,  copper, 
brass  and  Hastelloy.  The  following  nonmetals  may  be  used:  Kel-F, 
Kcl-F-5500,  Teflon,  fluoroeilicone  rubbers,  Fluoroflex  "T",  glass, 
Viton  "A"  and  "B",  dry  asbestos,  Garlock  230  and  carbon.  The  fol¬ 
lowing  lubricants  may  be  used:  Graphltar  Nr,  39,  Hercules  No.  571 
KaobestoB,  Rockwell  Nordstorm  Lube  No.  921  and  Gulf  Harmony  Oil 
Nos.  44  and  69.  Pentaborane  forms  shock  sensitive  mixtures  with 
sane  solvents.  (7) 

2. 10 

UNCLASSIFIED 


_ _  _  £  Ctf  IFir* 

#diri  C  If 


Availability:  Produced  by  Gallery  Chemical  Co.  So  longer  in  pro¬ 
duction.  A  limited  quantity  is  in  storage  at  the  present  time. 

Remarks :  For  further  information  sea  references  (15)  and  (16). 
Military  Specification,  Mil-P-27403,  Propellant,  Pentaborane 


WM0 

0^ 


5 


/ 


2.11 


UNCLASSIFIED 


DIBORANE 

Formula: 

Physical  Properties: 

Boiling  Point: 

-92. 5°C 

(i) 

Freezing  Point: 

*165.5°C 

<U 

Density: 

0.437  g/cc  0  -92.6°C 

(D 

..r  ir*^  j.  j  . 

t\rs<* »,  vi  p  viUMti  Aim. 

12.93  Keal/raole  <§  -92.5°C 

1 1.\ 

V*/ 

Vapor  Pressure: 

— 

Critical  Temperature:: 

16. 7°C 

(i) 

Critical  Pressure: 

39.5  atm 

(i) 

Heat  of  Vaporization 

3.413  Kcal/mole  @  -92.53°C 

(i) 

Viscosity: 

1.33  millfpoise  @  -92.5  C 

(4) 

Specific  Heat; 

18.5  cal/tnole°K  @  -92.5°C 

(1) 

Preparation:  Diborane  may 

be  made  by  a  number  of  processes. 

In 

general,  the  methods  "decomposition  of  a  metal  boro* 

hydrideiMtba.roductron  of  a  metal  boroflueride,  or  the  reduction 
of  a  boron  halide.  Diborane  may  be  produced  by  the  reaction  of 
an  alkali,  metal,  borohydride  (LiBH^)  with  boron  trichloride  in  an 
inert  solvent.  The  diboranu  is  purified  by  selective  liquifica- 
tiou  at  a  low  temperature.  (9) 


'toxicity:  Diborane  is  a  highly  toxic  irritant  to  the  pulmonary  uyn 
cam.  It  la  not  known  whether  severe  or  repeated  exposure  would 
result  in  permanent  Injury.  Diborane  may  impair  the  sense  of 
smell  and  therefore  odor  is  not  to  be  relied  upon  us  a  means  of 
detection.  Cough  and  tightness  in  the  chest;  follow  immediately 
upon  exposure  and  serve  us  a  warning.  Threshold  limit  is  0.1 
pjnn  for -8  hr  daily  exposure.  Hazardous  exposure  occurs  only  by 
inhalation.  (15) 

Sensitivity'.  Diborane  is  a  very  flammable  gas  with  wide  explosive 
limits  and  high  Haims  and  detonation  speeds.  Although  diborane 
itself  la  not  spontaneously  flammable  in  air  at  reon  temperature 
it  may  be  ignited  by  a  static  apurk,  heat  of  reaction,  heat  of 
absorption  or  the  spontaneous  ignition  of  one  of  its  thermal 
decorapoflition  products.  (4) 

Compatibility:  The  following  matcrialp  of  construction  were  found 
tc  be  suitable  for  use  with  gaseous  diborane  on  expouuro  at 
ambient  temperatureo :  Teflon,  Kei-F,  Saran,  bras*,  lead,  nickel, 
K  Monel,  low  carbon  steel,  stainless  steel  18-8,  asbestoo- 
graphite- copper  valve  packing  and  Vase J Ine- paraffin- graphite 
lubricant,  (4) 

Availability:  Limited  availability  at.  the  present  time. 


Military  Specification,  None 

UNCLASSIFIED 


M2F-1 


cm; 


4S.5X  MMS 

23. j%  NH. 

34.  IX  Bpt&sia 


(C0.4?4H5.  lI9.*i°0,52Q5N2. 2723J 


Physical  Properties; 
Boiling  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation;* 
Vapor  Pressure; 

Critical  Temperature : 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat; 


rtittm  aitraie  (pLk-NG,.) 

-C  0  3 


107. 3°C 
-54°C 

1.084  g/cc  3  25°C 
0.04  Kcal/mole  (calc) 
0.S0  psia  @  2S°C 
5.4  psia  @  71°C 


3.6  centistokes  0  25°C 


to* 

0.62  Btu/lb  r 
MHF-3 


@  25°C 


(21) 

my 

(21) 

(3) 

(2i) 

m> 


(21) 

(21) 


Composition;  86X  HMH 
14%  N2H4 

Bolling  Point: 

Free* trig  Point: 
Density; 

Heat  of  Formation;* 
Vapor  Pressure: 

Critical  temperature; 
Critical  Pressure: 
Hest  of  Vaporization; 
Viscosity: 

Specific  Beat; 


<C0.81H5.62M2.0) 


92°C  (calc) 

-60' ®c 

0.90  g/cc  @  15.6°C  (calc) 
12.58  Xcal/mole  (calc) 

0.5  psia  <?  15.6®C  (calc) 
9. 9_paia  0  79.8°C 
264°C 

93.3  atra 

aa  ip 

1.3  cantiatokst  9  15.6°C 


0.71  Btu/lb 
MHF-5 


0  15. 6  C 


(21) 

(21) 

(21) 

(3) 

(21) 

(21) 

(21) 

(21) 

(21) 

(21) 


Cfisrasttlg^ 


55X  HMH 
26%  N-H. 
19% 


Boiling  Point: 
Frssslng  Point: 
Density: 

Heat  of  Formation:* 


<C 


0.541H5.173°0.273N2.091 


80°C 

-375C 

1.011  g/cc  9  25  C 
5.936  Xcal/mole  (celc) 


(21) 

(21) 

(21) 

(3) 


*Based  on  composite  rortsula 


2.13 


Vapor  Pressure: 


(2D 

(21) 


Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  He at : 


0.77  psia  @  25°C 
7.7  psia  <a  80  C 


1.9  centistokcs  @  25°C 

a  s  a  v  >*>  a 

u.uo  atu/ ib  j;  i“  z5  c 


(21) 

(21) 


Preparation:  The  MHF  fuels  are  prepared  by  fixing  together  the 
individual  components. 


Toxicity:  For  toxicity  information  refer  to  the  section  on  hydrazine 
and  monomethyl  hydrazine.  The  toxicity  limits  are  estimated  to  be 
the  same  magnitude  as  the  major  constituents  0.5  to  1.0  ppm.  (21) 

Senaltlvity :  The  mixed  hydrazine  fuels  are  safe  to  handle.  They  have 
been  found  to  be  insensitive  to  shock  by  three  different  tests: 
JANAF  drop  weight  test,  the  Frauzl  Block  test  and  the  JANAF  card 
gap  teat.  MHF- 3  was  shown  to  be  the  safest  of  the  three  blends. 

In  addition,  MHF* 1  has  been  found  not  shock  sensitive  per  the  lec 
explosive  test.  MHF  can  form  flammable  and  explosive  mixtures  in 
air. 


Compatibility:  MHF  la  relatively  noncorrosive  for  moat  stainless  steel 
and  aluminum  alloys.  The  compatibility  of  MHF-3  was  established  with 
aluminum  (2014,  2024,  7178),  the  high-strength  steels  (AFC-77,  /.M301, 
cryogenic  stretch- formed)  and  AM357.  The  long-term  compatibility  of 
aluminum  alloys  with  MHF  fuels  is  excellent.  The  HastelloyS,  Monel, 
40E  aluminum,  magnesium,  zinc,  lead,  copper  and  its  alloys  and  iron 
are  not  recommended  for  use  with  MHF.  The  following  non-metals  are 
also  compatible  with  MHF;  braided  asbestos  impregnated  with  Teflon, 
Teflon  and  high-density  polyethylene,  Garlock  735,  Mylar  film  and 
unplasticized  Kel-F.  MHF  decomposition  in  the  presence  of  metals 
is  observed  to  occur  in  two  phases;  a  steep  initial  rate  as  the 
surface  is  paaaivated  and  then  leveling  off  to  a  relatively  lower 
rate  characteristic  of  the  material. 

Availability:  Availability  only  limited  by  the  availability  of  the 
ingredients. 
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MAT- 1 


npiapositicT,;  40.5%  UBfii 

50. 5%  Die  thy  lenetri  amine  (DEXA) 
9.0%  Acetonitrile  (CH,CN) 


Physical  Properties: 
Boiling  Point: 
Freezing  Point: 

Density: 

Heat  of  Formation:* 
Vapor  Pressure: 

Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat 


77°C 

very  viscous  at  -70oC 

sets  to  glass  below  -10C°C 

0.869  g/cc  @  25°C 

7.1  Rcal/mole 

104  ram  Hg  @  25°C 

190  am  Hg  @  40.2  C 


0.58  cp  @  71°C 

0. 67  Btu/lb°F  @  25°C 


Preparation:  Prepared  by  mixing  the  individual  components 


r 


(22) 


(22) 

(22) 

(22) 

(22) 

(22) 


i 

(22)  ! 

(22)  i 


Toxicity :  A  rough  estimate  of  the  toxicity  limits  can  be  gained 
from  its  components.  DEIA  has  a  concentration  limit  of  20  ppm 
and  UEMH  has  a  limit  of  0.5  ppm.  (22) 

Remarks :  Additional  information  on  this  propellant  is  not  available 
at  this  time. 

*Based  on  the  composite  formula  C,  70gHg  q22N2  196 


J 
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HY SALINE  AA 


Formula:  C7NH10AIB,4 


Physical  Properties: 

Boiling  Point: 

greater  than  220°C 
-7.5°C  (Melting  Pt„  +4.5°C) 

(6j 

Freezing  Point: 

(6) 

Density: 

0.759  gm/cc 

(6) 

Heat  of  Formation: 

-16. 5  Kcal/raole 

(6) 

Vapor  Pressure: 

2  mm  Hg  @  25°C 

(6) 

Critical  Temperature: 

— 

Critical  Pressure: 

— 

Heat  of  Vaporization: 

— 

Viscosity: 

9.2  cp  (?  20°C 

(6) 

Specific  Heat: 

— 

Preparation:  A1(BH 
Reaction  carried 


)-  +  (CH^NH - ><pH^NH.Al<BH  ) 

fodt  in  inert  solvent  such  as  n-he: 


xane  or  benzene 


Toxicity:  Hybaline  appears  less  toxic  by  inhalation  than  hydrazine, 
UDKH,  Aerozinc  50,  pentaborane,  diborane,  IRFNA  and  nitrogen 
tetroxidc.  Although  skin  contact  with  the  Hybaline®  must  be 
avoided,  protection  requirements  are  no  more  stringent  than  for 
several  of  the  other  high  energy  fuels..  No  limits  have  been  estab¬ 
lished  for  maximum  allowable  vapor  concentrations.  Personnel  should 
not  remain  in  confined  areas  where  significant  quantities  of  Hybaline 
have  been  spilled  without  air  supplied  respiratory  equipment.  The 
decomposition  products  of  Hybaline  may  contain  boron  hydrides  such 
as  diborane.  Skin  and  eye  contact  with  Hybalines  will  cause  burns 
and  must  bo  uvoided.  (6) 

Sensitivity:  Hybaline  A  is  not  considered  shock  sensitive.  Negative 
results  have  been  obtained  for  No.  6  blasting  cap  testa  and  the  Olin 
Mnthieson  drop  weight  taster.  Hybaline  A  oxidizes  alowly  in  dry 
air.  However,  it  reudily  ignites  in  moist  air  or  water.  Hybaline 
A  should  not  be  exposed  directly  to  the  air,  but  should  be  handled 
in  an  inert  atmosphere  such  as  nitrogen  or  helium.  Oxygenated  com¬ 
pounds  can  also  ignite  Hybaline  A,  Overheating  can  result  in  the 
release  of  hydrogen  from  Hybaline  A.  All  storage  tanks  should  be 
provided  with  pressure  gauges  and  over-pressure  relief  devices  to 
prevent  excessive  build-up  in  pressure  due  to  external  heating.  (6) 

Compatibility :  Static  compatibility  testing  of  Hybaline  A-5  has  shown 
the  following  materials  to  be  compatible:  steel,  304  stainless  steel, 
copper,  nickel.  Monel,  tinned  iron,  galvanized  iron,  aluminum  (2219- 
TB9 ,  2014- T6),  Titanium  110,  Teflon,  Viton  A,  Neoprene  7794  and  red 
rubber.  Compatibility  with  A-4  should  be  the  Bame. 
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Availability:  Nina  hundred  pounds  of  A--4  have  beer,  produced  by  Union 
Carbide  Corn  (disregarding  A-4  used  in  preparation  of  A- 5).  ffee 
production  facility  Is  on  standby  at  the  present  tine.  Approximately 
three  months  would  be  required  to  r*.-ach  full  production  capacity^ 

Cost:  $76  a  pound. 


Remarks :  For  further  information  consult  reports  resulting  from  Contract 
AF  04  (611)*- 3164. 
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HYBALINE  AS 


Fomula: 


Physical  Pr opertlas: 

Boiling  Point:  263°C  -  (6) 

Freezing  Point:  sets  to  glass  below  -40 °C  < 6) 

Melting  Point:  4°C  (6) 

Density:  0.736  gm/cc  (?  20°C  (6) 

Heat  of  Formation:  -16.5  Kcal/mole  (6) 

Vapor  Pressure:  3  mm  Hg  (?  25  C  (6) 

Critical  Temperature:  - 

Critical  Pressure:  ~— 

Heat  of  Vaporization  4990  cal/mole  (6) 

Viscosity:  6.78  cp  @  20°C  (6) 

Specific  Heat:  0.621  cal/gm  <3  20°C  (6) 


Preparation:  -2A1(BH4)3  +  CH3NH2  +  (CK^NH - >► 

ch1nh2*au'bh4)3  +  (ch3)2nh.ai(bh4)3 
(53  wt  7.)  (47  vt  7.) 

Reaction  carried  out  in  inert  solvent  auc,h  as  r.-hexane  or  benzene. 

Toxicity:  Hybaline  appears  less  toxic  by  inhalation  than  hydrazine, 
■’JDMH,  Aerozine  50,  pentaborane,  diborane,  1RFNA  and  nitrogen 
tetroxide.  Although  skin  contact  with  the  Hybalines  must  be 
avoided,  protection  requirements  are  no  more  stringent  than  for 
several  of  the  other  high  energy  fuels.  No  limits  have  been 
established  for  maximum  allowable  vapor  concentrations.  Personnel 
should  not  remain  in  confined  areas  where  significant  quantities 
of  Hybaline  have  been  spilled  without  air  supplied  respiratory 
equipment.  The  decomposition  products  of  Hybaline  may  contain 
boron  hydrides  such  as  diborane.  Skin  and  eye  contact  with  Hyba¬ 
lines  will  cause  burns  and  must  be  avoided.  (6) 

Sensitivity:  Hybaline  A  is  not  considered  shock  sensitive.  Negative 
results  have  been  obtained  from  No,  6  blasting  cap  tests  and  the 
Olin  Mathieson  drop  weight  tester.  Hybaline  A  oxidizes  slowly  in 
dry  air.  However,  it  readily  ignites  in  moist  air  or  water. 
Hybaline  A  should  not  be  exposed  directly  to  the  air,  but  should 
ue  handled  in  an  inert  atmosphere  sue  i  as  nitrogen  or  helium. 
Oxygenated  compounds  can  al3o  ignite  Hybaline  A.  Overheating  can 
result  in  the  release  of  hydrogen  from  Hybaline  A.  All  storage 
tanks  should  be  provided  with  pressure  gauges  and  over-pressure 
relief  devices  to  prevent  excessive  build-up  in  pressure  due  to 
external  heating.  (6) 


wmtitm 


Compatibility:  Static  compatibility  testing  of  Hybaline  A5  has  shown 
the  following  materials  to  be  compatible:  steel,  304  stainless 
steel,  copper,  nickel,  Monel,  tinned  iron,  galvanized  iron, 
aluminum  (2219- T8S  and  2C14-T5),  titanium  110,  Teflon,  victon  A, 
Neoprene  7794  and  red  rubber. 

Availability:  A  total  of  11,716  pounds  of  Hybaline  A5  were  produced 
by  Union  Carbide  Corporation  under  Contract  04(6ii)-8ib4; 
Approximately  1/3  of  this  material  remains  in  storage  at  the 
present  time.  The  production  facility  is  now  on  standby.  Approx¬ 
imately  three  months  would  be  required  to  reach  full  production 
capacity.  Cost:  $76  per  pound.  The  projected  cost  of  Hybaline  A5 
in  large  production  quantities  has  been  established  at  $20  per 
pound  for  quantities  up  to  300,000  lbs/yr  and  $18  per  pound  for  a 
production  rate  of  600,000  lbs/yr. 

Remarks :  For  further  information  consult  reports  resulting  from  Con¬ 
tract  AF  04(611)-8164. 
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HYBALINE  B3 


Formula:  BeB„CIL^N 

Physical  Properties: 

Soiling  Point: 

greater  than  270  C 

(6) 

Freezing  Point: 

b&tw&ca  -80 °C  &  =23°C 

<6> 

Density: 

0,667  gm/cc 

(V 

Heat  of  Formation: 

-19.5  Kcal/mole 

1.  5  n*n  Hg  &  25  C 

Q 

(6) 

Vapor  Pressure: 

Critical  Temperature: 
Critical  Pressure: 

Heat  of  Vaporization: 

(6) 

Viscosity: 

3.4  cp  @  20  C 

(6) 

Specific  Heat: 

0.625  cal/gm  @  20  C 

(6) 

Preparation:  Be(BH,  )?>  )  0  +  CH  NH  - >  CH  Nil  ♦ Be(BE4)2 

Reaction  carried  out  in  petroleum  etner  or  diethyl  ether* 


Toxicity:  The  main  consideration  in  the  use  of  Hybaline  B3  is  th^ 

beryllium  toxicity.  The  manifestations  of  beryllium  poisoning 
have  been  divided  into  three  classes:  acute  berylliosis,  chronic 
berylliosis  and  dermatitis.  The  mere  serious  effects  are  due 
entirely  to  inhalation  of  beryllium  or  its  compounds.  The  onset 
of  symptoms  accompanying  chronic  berylliosis  may  be  delayed  as 
much  as  10  years  or  longer  after  the  last  exposure.  (8)  In 
addition  to  beryllium  toxicity,  skin  and  eye  contact  with  B3 
will  cause  burns,  (6) 

Sensitivity:  The  same  considerations  apply  to  B3  as  apply  to  Hybaline 

A  (See  Hybaline  A3).  (6) 

Compatibility:  The  compatibility  should  resemble  the  Hybaline  A 
series  (See  Hybaline  A5).  <.6) 

Availability:  A  total  of  199  pounds  of  B3  were  produced  by  Union 
Carbide  Corp  under  Contract  AF  04(611)-8164.  The  production 
facility  is  on  standby  at  the  present  time.  Cost:  $300  a  pound. 

A  limited  quantity  is  available  at  the  preeent  time.  (8) 

Remarks :  For  further  information  consult  reports  resulting  from 
Contract  AF  04(611)-8164, 
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GELS  AND  EMULSIONS 


The  performance  of  many  propellant  systems  can  be  Improved  by  the  addition 

of  the  light  met  lb  or  their  hydrides.  Gel  and  emulsion  techniques  are 

used  to  provide  a  uniform  distribution  of  the  metal  or  hydride  in  the  fuel. (29) 


Gels: 

A  gel  1 a  obtained  by  either  chemically  or  mechanically  immobilizing  the 
liquid  and  trapping  the  metal  or  hydride  dispersed  throughout  the  liquid. 
The  gel  should  have  a  sufficiently  high  yield  stress  to  support  the  sus¬ 
pended  solid  and  prevent  it  from  settling  out  as  a  result  of  normal 
handling  and  storage.  Ideally  the  gel  acts  like  a  solid  during  static 
conditions  yet  behaves  like  a  liquid  under  flow  conditions  (low  apparent 
viscosity).  (28)  (29) 

Gelling  agents  may  be  divided  into  roughly  two  categories:  particulate 
and  swellable  agents.  Particulate  gelling  agents  depend  on  the  ability 
of  the  particles  to  bond  to  one  another  by  attractive  forms  in  order  to 
form  the  necessary  suspension  network.  Swellable  agents  are  materials 
(e.g.  organic  polymers  and  natural  gums)  which  appear  to  depend  on  the 
physicochemical  interaction  between  the  gelling  agent  and  the  carrier 
fluid. 


Physical  Properties  of  Alumizine  -  43G: 

Boiling  Point:  NA,  est.  approx.  114  C  (29) 

Freezing  Point:  0  C  (29) 

Density:  1.366*1.380  g /cc  @  77  F  (29) 

Vapor  Pressure:  0.27  psi  @  25  C  (29) 

1.8  psi  @  60°C  (29) 

Yield  Stress:  Q  1400  to  2200  dyne/sq  cm  @  25  C  (29) 

Apparent  Viscosity  @  25  C: 

(Ferranti-Shirley  Vise o- 

meter)  29  to  41  cp  (17,300  sec  ,)  (29) 

400  to  600  cp  (300  sec  .)  (29) 

700  to  1300  cp  (100  sec  )  (29) 

Apparent  Viscosity: 

(Brookfield,  Spindle  Q 

No.  4,  6  rpm)  35,000  to  60,000  cp  Q  25  C  (29) 


Emulsions: 

A  heterogeneous  emulsion  consists  of  <1  continuous  liquid  external  phase 
in  which  a  discontinuous,  immiscible  liquid  internal  phase  is  dispersed. 
The  internal  phase  exists  aB  discrete  globules  that  are  held  in  suspension 
by  the  action  of  surface  tension  in  the  external  phase.  The  metal  or 
hydride  is  contained  in  the  internal  phase  and  can  settle  to  the  bottom 
of  the  droplets  but  is  prevented  from  settling  further  due.  to  the  inter¬ 
face  between  the  internal  and  external  phases.  As  long  as  the  emulsion 
does  not  break,  the  particles  cannot  settle  out.  The  yield  stress  of 
an  emulsion  is  the  point  at  which  the  internal  phase  globules  can  "flow" 
and  does  not  necessarily  represent  the  point  at  which  settling  will 
occur.  (29) 


Problem  Areas: 

3..  Selection  of  gelling  or  emulsifying  agent 

2.  Compatibility  of  components 

3.  Mechanical  and  chemical  stability  . 

4.  Batch- to- batch  uniformity 

Remarks: 

Additional  information  can  be  found  in  (28),  (29)  and  "Bulletin  of  the 
7th  Liquid  Propulsion  Symposium,"  Volume  1,  19-21  October  1965,  CPIA 
Publication  No.  72,  August  1965.  (Confidential) 
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III.  LIQUID  PROPELLANT  PROPERTIES 
(Oxidizers) 


UNCLASSIFIED 


OKYGW 


Formula:  0, 

Physical  Properties: 
Boiling  Point : 
Freezing  Point: 
Density 

Hect  of  Format  ion: 
Vapor  Pressure: 
Critical  Temperature:: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


-i83.n^c  (i) 

-21S*8°C  (1) 

1.14  g/cc  @  -183  0  (1) 

-3,08  Kcal/oole  @  9C,2°K  (3) 


-na.$°c  (1) 

49.7  atm  <1) 

1.63  Kcal/mole  @  1  atm  (1) 

0.190  cp  @  -183. 0°C  (1) 

0.406  cal/gto°C  @  -183.0°C  (1) 


Preparation:  Liquid  oxygen  is  obtained  from  liquid  air  by  fractional 
distillation.  (9) 


Toxicity:  Non-toxic.  If  liquid  oxygen  spills  on  skin,  injury  re¬ 
sembling  a  burn  will  result.  Oxygen  gas  will  net  cause  toxic 
effects  in  propellant  operations,  except  that  inhalation  of  very 
cold  oxygen  gas  may  cause  some  irritation  of  the  upper  respiratory 
tract,  (7) 

Sensitivity:  Liquid  oxygen  is  chemically  stable.  It  is  not  shock 
sensitive  and  will  not  decompose,  (7) 


Compatibility:  Materials  to  be  used  in  liquid  oxygen  equipment  must 
possess  satisfactory  physical  properties  at  extremely  low  operating 
temperatures.  Acceptable  materials  are:  stainless  steel  series  18-8 
copper,  bronze,  brass,  Monel,  aluminum,  everdur.  Teflon,  Kel-F, 
Asbestos  and  special  silicone  rubbers.  Petroleum- base  lubricants 
must  not  be  used.  Special  lubricants  such  as  the  fluorolubes  or 
the  perfluorocarbons  can  be  used.  (7) 

Availability:  Liquid  oxygen  is  readily  available  at  $38.25  per  bulk- 
ton. 
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FLUORINE 


Formal a: 

Physical  Properties; 
Bolling  Point: 

Fr6c2iilg  rOiutl 

Density: 

Heat  of  Format Ion: 
Vapor  Pressure: 
Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


-I8a°c 

m  a 

1,505  g/cc  @  -188°C 
-3.467  Kcai/mole  @  85.2°K 

-129. 2°C 
55  atm 

1.560  Kcal/mole  @  -188°C 
0.24  cp  0  -188  C 
0.367  cal/gm°C  @  -188°C 


(is 

(i) 

as 

(3) 

CD 

a) 

a) 

a) 

a) 


Preparation:  Fluorine  is  produced  from  a  molten  mixture  of  HF  and  KF 
by  an  electrolytic  procedure.  (9) 


Toxicity:  If  liquid  fluorine  canes  in  contact  with  the  body,  it  will 

cause  akin  injuries  resembling  burns  that  are  likely  to  be  severe, 
deep  and  slow  in  healing.  Exposure  to  fluorine  gas  is  a  mpre  likely 
accident.  The  gas  is  highly  irritating  to  the  eyes  and  to  the  upper, 
and  lower  respiratory  tract.  Repeated  exposure  to  the  gas  may  cause 
chronic  pulmonary  damage.  The  threshold  limit  value  of  fluorine  is 
0.1  ppm  (0.2  mg/cu  m).  (7) 


Sensitivity:  Unconfined  fluorine  is  stable  to  shock,  heat  and  electrical 

spark.  Containers  of  fluorine,  however,  must  not  be  subjected  to 
shock  or  heat,  as  a  violent  reaction  with  the  container  is  possible. 

(7) 

Compatibility.  Liquid  compatible  with:  Monel,  aluminum,  stainless 

steel  (types  304L,  321  and  347),  copper  and  bras;.  Gaseous  fluorine 
compatible  with:  nickel,  Monel,  steel,  stainless  steel,  brass,  copper, 
aluminum  and  magnesium.  Teflon,  Kei-F  and  Halon  are  acceptable  non- 
metals  for  use  at  moderate  pressures  and  low  flow  rates.  Spray 
coated  or  calcined  aluminum  oxide  is  resistant  to  gaseous  and  liquid 
fluorine  under  flow  conditions  and  at  low  as  well  as  high  tempera¬ 
tures  (several  hundred  degrees  C).  There  are  no  plastics  acceptable 
for  use  with  liquid  fluorine  under  flow  conditions.  There  arc  no 
reliable  lubricants  for  fluorine  service.  (7) 

Availability:  Cost:  $3.55  a  pound,  Projected  cost:  $1.00  a  pound.  (9) 
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:  V  879*0. 97Z°2, 799 

Physical  Progertiesr 
Boiling  Point: 

Freezing  Poiiit: 

Density: 

Heat  of  Formation: 

Vapor  Pressure i 
Critical  Temperature: 
Critical  Pressure: 

Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


1RFHA 


•  •  ;  :  >»vw  •  r  1  *i 

65.6cC 

-50%'  *-■'■  rt  ; 

1,564  g/ce  @  16°C  1 
-41  Keal/aole 


**'V  b*'-t  ikz'ii, 

''  /  V  K,  JfV^ 


0.863  cp  @  21.2°C  '  t .  ; 

0.41?  cal/gm  <a  20°C  (1) 


Preparation:  Nitric  acid  is  made  by  the  catalytic  oxidation  of  ammonia 
with  air  or  oxygen  to  yield  nitric  oxide  (NO).  The  latter  is  oxidized 
to  N2®4  which  when  treated  with  water,  yields  nitric  acid  and  may  be 
concentrated  by  distillation  with  sulfuric  acid,  iled  fuming  nitric 
acids  may  be  produced  by  passing  gaseous  N.G,  into  nitric  acid.  (9) 
The  7.  composition  of  IRFNA  is  as  follows: 


no2 

h2° 

hno3 

Solids 

HF 

Type  IIIA 

14 

1.5-2. 5 

81.6-84.8 

0. 10  max 

0.7 

Type  1IIB 

14 

1.5-2. 5 

81.6-84.8 

0.04  max 

0.7 

Toxicity:  Because  the  liquid  is  highly  corrosive,  akin  and  eyes  ctm  be 
severely  burned  by  more  than  momentary  contact.  Another  serious 
hazard  in  the  handling  of  fuming  nitric  acids  is  the  inhalation  of 
toxic  vapors,  especially  nitrogen  dioxide.  The  threshold  limit 
value  of  nitrogen  dioxide  is  5  ppn.  The" chief  danger  from  acute 
poisoning  is  the  development  of  pulmonary  edema,  when  the  lung 
spaces  fill  with  fluid.  The  symptoms  may  be  delayed  for  several 
hours.  The  color  of  the  fumes  is  not  a  reliable  index  of  the  degree 
of  toxic  hazard.  The  Initial  symptoms  of  poisoning-  irritation  of 
the  eyes  and  throat,  cough,  tightness  of  the  chest  and  nausea  -  are 
slight  and  may  not  be  noticed.  Then  some  hours  later,  severe  symptoms 
begin;  their  onset  may  be  sudden  and  precipitated  by  exertion. 
Coughing,  a  feeling  of  constriction  In  Che  chest  and  difficult 
breathing  develop.  (7) 


Sensitivity:  Nitric  acid  is  stable  to  all  types  of  mechanical  shock 
and  iaipact.  (7) 


Compatibility:  The  following  metals  may  be  used  with  nitric  acid: 

aluminum  (types  1060,  EC,  1100,  3003,  3004,  6061,  5052  and  5154)  and 
stainless  steel  (347,  19-9DL,  19-9DX,  304  ELC,  321,  303  and  316). 


UNCLASSIFIED 


VlfVfcfll 


All  ether  ferrous  and  uonferrous  metals  and  chair  alloys  are  pro* 
hlbited*  The  following  ncnsetals  stay  fcs  zy&S'-l 

polyethylene  and  Resin-X.  The  following  lubricant#  stay  he  Used': 
Nordcoseil- 147-5,  Fluorolube  and  Perfluorocarbons*  .(?)-  ,•. 

Availability:  XHFNA  Is  readily  available  at  from  $,  G6  to 

pound  depending  upon  type  and  quantity.  j  <  >'-•> 

Remarks :  For  additional  information  consult  reference  (7)  pn  the 
latest  military  specification. 


Military  Specification,  Mil-P-7254,  Propellant,  Nitric  Acid 
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Blilfl _ = 

■  tftiP 


\ 


\ 


\ 


wynonr.nT 

M4*i^VWV>WH  4WMWUMW 


Formula ;  H,,0,  (100%) 


-  ^i-T,”1  &££A  *  £ ^pgi  v up  i 

Boiling  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 

Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat 


1S0.?°C 

-Q,46l°C 

i  4425  s/c-  'i  />5°c 
“44. ?5  Kcal/mole  @  25°C 
,0263  psia  <?  20°C 
0.5762  psla  <?  70  C 
457  u 
214  atm 

12.334  Kcal/mole  @  25°C 
1.249  cp  @  20  C 
0.632  cal/gm  (3  25°C 


(1) 

it) 

fy  \ 
\+J 

(i) 

<A) 

(1) 

(D 

(1) 

(1) 

(l) 

(1) 


Preparation:  Hydrogen  peroxide  is  manufactured  commercially  by  several 
processes.  Inorganic  processes  *miploy  the  electrolysis  of  an  aqueous 
solution  of  sulfuric  acid  or  acidic  ammonium  bisulfat«{  followed  by 
hydrolysis  of  the  peroxydisulfate  which  is  formed.  Organic  processes 
include  (1)  the  auto- oxidation  of  hydroquinone  or  one  of  its  homologues 
in  a  suitable  solvent  ayatem  and  (2)  the  partial  gas-phase  oxidation 
of  hydrocarbons.  Dilute  aqueous  hydrogen  peroxide  Is  concentrated 
to  about  90%  by  conventional  distillation.  Higher  strength  solutions 
arc  prepared  by  fractional  crystallization  of  90%  feed  stock.  (9) 


Toxicity:  Contact  with  the  liquid,  mist  or  vapor  produces  irritant 
effects.  When  the  liquid  touches  the  akin,  there  la  a  burning  sen¬ 
sation  and  the  affected  areas  arc  bleached.  Prolonged  contact  can 
cause  burns.  Inhaling  the  vapor  irritates  the  respiratory  tract  and 
may  result  in  burning  of  the  nose  and  throat,  running  of  the  nose  and 
coughing.  The  vapors  can  also  irritate  the  eyes.  Exposure  to  high 
concentrations  of  a  mist  or  aerosol  of  hydrogen  peroxide,  if  not 
washed  away  promptly,  can  result  in  delayed  but  severe  damage  to  the 
eyes.  The  threshold  limit  value  of  90%  hydrogen  peroxide  1b  1  ppm,  (7) 


Sensitivity:  Pure  hydrogen  peroxide  in  properly  passivated  containers 
decomposes  at  a  vary  slow  rate.  If  stored  in  containers  of  unsuitable 
material  or  if  contaminated,  hydrogen  peroxide  can  decompose  very 
rapidly,  releasing  large  amounts  of  heat  and  gaa.  (7) 


Compatibility:  Proper  selection  and  passivation  of  materials  for  handling 
hydrogen  peroxide  are  essential.  Contact  of  the  peroxide  with  incom¬ 
patible  metals  or  plastico  or  with  nonpassive  surfaces  anywhere  in  the 
storage  system  can  lead  to  dangerous  conditions.  Certain  aluminums, 
the  300- series  stainless  steels  and  other  materials  have  only  a  slight 
affect  on  the  stability  of  hydrogen  peroxide  and  may  be  used  for 
materials  of  construction.  Tanks  for  long-term  storage  (one  week  or 


UNCLASSIFIED 


UNCLASSIFIED 


more)  are  constructed  of  1060,  1260,  5254  or  5652  aluminum.  Teflon 
and  Kel-F  are  suitable  for  flexible  long-term  storage  containers; 
for  periods  of  less  than  one  week,  some  polyvinyl  chloride  plastics 
and  silicone  rubbers  may  be  used.  Wrought  A151  300- series  stainless 
steels  are  suitable  for  short-term  storage,  (7) 

Availabi'i  1  tv:  Available  at  $.31  to  $.43  per  pound. 


Military  Specification,  Mil-P-16005,  Propellant,  Hydrogen  Peroxide 
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CHLORINE  TBI  FLUOR  IDE 


Formula: 


GIF, 


Physical  Properties: 
Soiling  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 
Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporisation: 
Viscosity: 

Specific  Heat: 


il.?S°C 
-76. 3°C 

1.8806  g/cc  @  1 . 70°C 
-42.j>4  Kcal/mole 
495  tom  Hg  @  0°C 
174°C 
57  atm 

6,580  cal/mole  &  11.75°C 
4.78  cp  @  11.75  C 
0.303  cal/gm  <a  20°C 


a> 

a) 

(i) 

(3) 

(1) 

(1) 

(1) 

(1) 

(1) 

(3) 


J^eEaraticn:  C1F3  is  prepared  by  direct  combination  of  the  elements.  (9) 


Toxicity:  The  liquid  is  highly  corrosive;  contact  with  skin  or  eyes 
could  result  in  deep,  painful  burns.  Exposure  to  the  vapor  causes 
irritation  of  the  eyes  and  the  upper  and  lower  respiratory  tracts. 
If  concentrations  are  high  enough,  pulmonary  edema  may  result  and 
death  may  follow  if  quick  action  is  not  taken.  Threshold  limit  is 
0. 1  ppm.  (7) 


Sensitivity:  CTF  is  stable  tc  shock,  heat  and  electrical  spark.  (7) 

Co2E££ibili£2:  Such  metals  as  copper,  silver- solder,  brass,  steel, 
magnesium,  aluminum,  Monel  or  nickel  are  satisfactory  for  use  with 
CTF  owing  to  the  formation  of  a  passivating  fluoride  film.  Monel, 
18-8  stainless  steel  and  nickel  are  preferred.  Approved  nonmetals, 
which  may  ignite  when  heated  are:  Neoprene  (for  protective  clothing 
only),  Kel-F  (not  recommended  for  flow  conditions).  Teflon  (not 
recommended  for  flow  conditions)  and  pyrex  glass.  The  use  of  the 
standard  petroleum- base  lubricant  is  prohibited.  Fluorinated  hydro¬ 
carbons  may  react  violently  with  CTF.  No  completely  satisfactory 
lubricant  is  known.  (7) 

Ava liability :  Present  cost:  $3.20  per  pound.  Large  scale  production 
could  reduce  cost  to  $. 50/lb.  (9) 


Military  Spaclf ication,  Mil-P-27411,  Propallant,  Chlorine  Trifluoride 

(Unapproved) 


UNCLASSIFIED 


UNCLASSIFIED 


NITROGEN  TETROXIDE 


Formula: 


Physical  Properties: 
Boiling  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 

Critical  Temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


21. 3°C 
-11. 35°C 
1.45  g/cc  <a  20°C 
-4.5  Kcal/mole 
5.0  psia  i?  0°c 
14.0  psia  @  20°C 
158°C 
100  atm 

9.11  Kcal/mole  <?  21.15°C 
4132  micropoise  @  21.15°C 
0.368  cal/gm  @  20°C 


Preparation:  Nitrogen  dioxide  is  made  by  the  catalytic  oxidation  of 
ammonia;  steam  is  used  as  a  diluent  to  reduce  the  combustion  temper- 
ature.  West  of  the  water  is  condensed  out,  and  the  gases  are  further 
cooled;  the  nitric  oxide  is  oxidized  to  nitrogen  dioxide,  and  the 
remainder  of  the  water  is  removed  as  nitric  acid.  The  gas  is  essen¬ 
tially  pure  nitrogen  tetroxide,  which  is  then  condensed.  (9) 

Toxicity:  The  liquid  is  corrosive  and  severe  burns  of  the  skin  and 
eyes  can  result  if  not  immediately  removed.  The  inhalation  of  toxic 
vapers  is  normally  the  most  serious  hazard  in  handling  nitrogen 
tetroxide.  The  threshold  limit  of  the  fumes  is  5  ppm  expressed  as 
nitrogen  dioxide,  or  2.5  ppm  expressed  as  nitrogen  tetroxide.  lie 
main  danger  from  acute  poisoning  is  the  development  of  pulmonary  edema 
which  normally  develops  a  considerable  time  after  exposure  to  the  fumes. 
The  color  of  the  fumes  is  not  a  reliable  index  of  degree  of  toxic 
hazard.  The  initial  symptoms  of  poisoning  -  irritation  of  the  eyes 
and  throat,  cough,  tightness  of  the  chest  and  nausea  -  are  slight  and 
may  not  be  noticed.  Severe  symptoms  begin  hours  later.  Pjepeated 
exposure  to  these  thanes  at  low  concentration  levels  may  carse  ulcera-* 
tion  of  the  nose  and  mouth,  wearing  down  and  decay  of  teeth  and 
chronic  irritation  of  the  entire  respiratory  tract,  (7) 

Sensitivity:  Nitrogen  tetroxide  is  very  stable  at  room  temperature.  At 
302^F  it  begins  to  dissociate  into  nitric  oxide  and  free  oxygen.  Upon 
cooling  it  reforms  into  nitrogen  tetroxide,  (7) 

Compatibility:  Nitrogen  tetroxide  is  not  corrosive  to  most  common  metals 
at  ordinary  temperatures  and  pressures.  The  selection  of  metals  should 
however  be  governed  by  the  oxidizer's  moisture  content.  When  the  NC>2 
moisture  content  is  0. 1Z  or  less  the  following  metals  can  be  used: 
carbon  steels,  aluminum,  stainless  steels,  nickel  and  Inconel.  Under 
wet  conditions  stainless  steel  (300  series)  should  be  used.  The 


UNCLASSIFIED 


following  nonmetals  may  be  used*.  ceramic  (acid  resist  ant) ,  pyrex 
glass,  Teflon,  Kel-F,  asbestos  (cotton- free)  and  polyethylene 
(limited  use).  Hydrocarbon  lubricants  must  be  a*oi&4.  Ilutrolub* 
isricSj  t sps  F  SordccsssHi?  DC23^5  f * g££  zs&y  fcs 

used.  (7)  •.:% 

Availability;  Baadily  available  at  $0.Q9/lb, 


Military  Specification,  Mil-P-7.6539,  Propellant,  Nitrogen  Tetroxide 
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PERCHLORYL  FLUORIDE 


Formula:  C1G-F 


Physical  Properties:  s 

Boiling  Point:  -4S«8°C  '  (i) 

Freezing  Point:  -146°C  (1) 

Densi  ;  1. 692  g/cc  @  -46. 8°C  (1) 

Heat  o-  Formation:  -5.12  Kcal/mole  (g)  @  25  C  (1)  (2) 

-10  Kcal/mole  (1)  (3) 

Vapor  Pressure:  --- 

Critical  Temperature:  95.2°C  (1) 

Critical  Pressure:  53.0  atm  (1) 

Heat  of  Vaporization:  4.6  Kcal/mole  @  -46. 8°C  (1) 

3.5  Kcal/mole  g  25°C  (1) 

Viscosity:  0.219  cp  @  0.0°C  (1) 

Specific  Heat:  0.226  cai/mole°C  @  -46.46°C  (1) 


Preparation:  Perchloryl  fluoride  may  be  prepared  by  the  electrolysis  of 
a  mixture  of  sodium  perchlorate  (NaCIQ.)  and  hydrofluoric  acid  (HF). 
Fluorination  of  KCIO^  will  also  yield  the  oxidizer.  (9) 

Toxicity:  Should  liquid  PF  splash  onto  the  skin,  irritation  or  moderate 
to  severe  burns  may  result,  depending  on  the  amount  spilled  and  the 
length  of  time  it  remains  on  the  skin.  Exposure  to  moderate  to  high 
concentrations  of  the  vapor  causes  respiratory  irritation  and  methamo- 
globinemia,  which,  if  severe,  is  accompanied  by  cyanosis  (blue  tinge 
to  certain  mucous  membranes).  Repeated  exposure  to  lower  concentra¬ 
tions  may  cause  anemia  and  the  deposit  of  fluoride  in  bones  and  teeth. 
The  threshold  limit  for  perchloryl  fluoride  is  3  ppm.  (7) 

Sensitivity;  Perchloryl  fluoride  is  thermally  stable  up  to  850°F.  At 
500  to  575  F,  it  hydrolyzes  slowly  with  water  to  form  HC10^  and  HF” 
at  room  temperature.  (7)  <+ 

Compatibility:  Although  at  ordinary  temperatures  perchloryl  fluoride 
is  not  corrosive  to  most  common  metals,  moisture  content  of  the  PF 
should  be  the  governing  factor  in  selecting  a  metal  for  this  service. 
The  following  metals  are  approved  for  use  with  Anhydrous  PF:  carbon 
steel,  aluminum,  stainless  steel,  copper,  brass  and  bronze.  For  PF 
and  water  vapor  the  following  can  be  used:  stainless  steel  (types 
304,  310  and  314),  Hastelloy,  tantalum,  Durimet  "T"  and  Durimet-20. 
Owing  to  the  lack  of  operational  and  long  term  data,  the  only  non- 
metal  materials  that  can  be  recommended  for  severe  service  with  PF 
in  a  situation  where  pressure  or  flow  phenomena  may  irritate  com¬ 
bustion  or  detonation  are  Kel-F  and  Teflon,  Perchloryl  fluoride 


3.10 

UNCLASSIFIKD 


should  never  be  brought  into  contact  with  conventional  or  petroleum 
greases,  oils,  pipe  compounds,  etc.  The  only  lubricants  found  to  be 
suitable  are  the  fluorocarbons.  (7) 

Availability;  Perckloryl  floor Ida  is  available  in  small  quantities 

from  several  chemical  companies.  Projected  cost;  $l.s  50  pound.  (9) 

Military  Specification,  None 


UNCLASSIFIED 


UNCLASSIFIED 


OXYGEN  DIFLUORIDE 

Formula:  OF2 


CTiysical  Properties:  ^  . 

Boiling  Feint:  -U5, 3CC  0) 

Freezing  Point:  -213. 8°C  (3) 

Density:  1.  >46  g/ec  @  -148.52°C  (3) 

Heat  of  Formation:  -7,4  Kcal/mcle  <26) 

Vapor  Pressure:  - 

Critical  Temperature:  -59.7°C  (5) 

Critical  Pressure:  49.5  atm  (5) 

Heat  of  Vaporization:  2.66  Kcal/moLe  @-145. 3°C  (5) 

Viscosity:  0.323  cp  @  -155.8°C  (5) 

Specific  Heat:  10.35  cal/mole°C  Q  298°C  (5) 


Preparation;  Oxygen  difluoride  is  prepared  by  reacting  elemental 

fluorine  with  dilute  aqueous  solution  of  sodium  or  potassium  hydrox¬ 
ide,  according  to  the  following  reaction: 

2Na0H  +  2F2  — - OF2  +  2NaF  +  H20 

Only  50  percent  of  the  original  fluoride,  at  best,  is  recovered  as 
the.  oxygen  difluoride.  (9) 

Toxicity:  Precise  and  accurate  data  defining  the  toxicity  of  0F2  is 
not  available.  Oxygen  difluoride  is  a  lethal  gas,  comparable  to 
phosgene,  and  has  a  peculiar  smell  similar  to  that  of  elemental 
fluo’-ine.  It  penetrates  deep  into  the  lungs  by  passing  the  bron- 
chin  and  dissolves  in  the  delicate  tissues.  The  full  effect  devel¬ 
ops  sometime  after  inhalation  producing  a  delayed  edema.  The 
symptoms  are  evidenced  by  a  difficulty  in  breathing,  irresistible 
coughing,  emetic  irritation,  as  well  as  a  general  tight  feeling  in 
the  chest.  A  practical  operating  guide  is  to  limit  personnel 
exposures  Co  the  levels  practiced  in  handling  pentaborane  0.005  ppm. (5) 

Sensitivity:  Oxygen  difluoride  is  insensitive  to  shock  at  -196°C  using 
the  Traual  sensitivity  test.  The  decomposition  of  OF,,  is  appreciable 
only  above  250°C.  (5) 

Compatibility:  Cleanliness  and  smooth  surfaces  are  important  for  suc¬ 
cessful  operation  with  OF2. 

Liquid  0F2  compatibility: 

Aluminum  alloys  for  short  term  applications 

Nickel  alloys  are  perhaps  most  satisfactory  (e.g.  Monel) 

Stainless  steels  arc  most  widely  used  for  construction,  however, 
long  term  aervicability  has  not  been  established 
Copper  und  copper  alloys,  titanium  alloys  and  magnesium  alloys 

seem  to  have  limited  adaptability  to  long-term  liquid  operations 


UNCLASSIFIED 


UNCLASSIFIED 


Plastics  and  elastomeric  materials  are  limited  because  of 
cryogenic  temperatures 

Teflon  and  Kel-F  are  compatible  for  short  periods  of  time. 
Gaseous  OF,  service  requirements  do  not  appear  t©  be  more  severe 
chan  the  liquid  requirement.  At  elevated  temperatures,  however, 
the  dcOOi3.pouiLi.uu  into  fluorine  and  oxygen  must  be  taken  into  con¬ 
sideration.  (5) 

Currently  the  only  source  of  commercial  quantities  of 
OF,,  is  thr.  allied  Chemical  Corporation.  The  present  coat  is  $35 
pefc  pound  available  in  nine  pound  cylinders.  The  lowest  price 
forecast  based  on  synthesis  from  fluorine  is  $30/lb.  Thiokol-RMD 
has  conducted  a  cost  analysis  on  an  electrolytic  GF_  process  based 
on  HF  resulting  in  cost  estimates  as  low  as  $, 50/lb  ror  large  scale 
production.  (5) 

Remarks:  For  additional  information  consult  reports  resulting  from 
Contract  AF  04 (6ll)-8400.  Reference  (5)  lists  49  additional 
references. 


Military  Specification,  None 
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UNCLASSIFIED! 


TETEAFUJOROHYDRAZTtEE 


Formula:  H,F^ 


Physical  Properties: 

Boiling  Point: 

-74°C 

-163SC 

(18) 

Freezing  Point: 

(18) 

Density: 

1.65  g/cc  Q  -  73. 0UC 

(18) 

Heat  of  Formation: 

-2. 0*2. 5  Kcal/mole  (g) 

(18) 

-5  Kcal/mole  (1) 

(3) 

Vapor  Pressure: 

— 

Critical  Temperature: 

36°C 

'(18) 

Critical  Pressure: 

41.5  atm 

(18) 

Heat  of  Vaporization: 

3710  cal/mole 

(18) 

Viscosity: 

— 

Specific  Heat: 

19.06  cal/mole°C  Q  25°C 

Preparation: 

1.  Pyrolysis  of  nitrogen  trifluoride  over  various  metals  such  as 
stainless  steels,  copper  and  arsenic. 

2.  H.cmogeneout  reaction  of  nitrogen  trifluoride  with  mercury  in  an 
electric  discharge. 

3.  Vapor  phase  reaction  of  fluorine  and  ammonia  In  a  packed  copper 
reactor. 

4.  Thermal  pyrolysis  of  nitrogen  trifluoride  over  carbon.  (18) 

Toxicity:  Tetrafluorohydrazine  must  be  considered  highly  toxic  and 
hazardous  to  humans.  Skin  contact  and  inhalation  must  be  avoided. 
Studies  on  rata  demonstrated  that  it  causes  respiratory  Irritation 
and  methemoglobinemia.  Pulmonary  edema  and  kidney  damage  ware  also 
detected.  Repeated  exposures  are  Insidious,  producing  systemic  damage 
even  at  low  concentrations.  (18) 

Sensitivity:  ietraf luorohydratine  has  bean  Involved  in  counties*  ex¬ 
plosions.  Extreme  caution  should  be  exercised  when  dealing  with  this 
compound  especially  when  impurities  are  present.  (78) 

Compatibility:  At  moderate  temperatures  the  following  meter isle  have 
been  used  successfully  with  N.F, :  pyrex  glass,  nickel,  copper,  carbon 
steel,  polyethylene,  stainless  Steel,  brass,  Monel,  Teflon  and  Kel-F. 
Nickel  end  Monel  era  recommended  for  high  temperature  work.  Pyrex 
glees  end  stainless  steal  lave  been  used  successfully  at  liquid 
nitrogen  temperatures.  (18) 

Availability:  Available  only  by  contract.  Air  Products  has  the  only 
plant  now  in  existence.  No  cost  date  available. 

Remarks-  Additional  references  cited  in  ref  (18). 
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Formula:  C1F„ 

COMPOUND  A 

Physical  Prooetties: 

Boiling  Point: 

-U*P 

(19) 

Freeeing  Point: 

-103°C 

(19) 

Density: 

1. 793  g/cc  @  20° C 

(19) 

Heat  of  Formation: 

-60+5  Kcal/mole 

(19) 

Vapor  Pressure: 

— 

Critical  Temperature: 

143°C 

(19) 

Critical  Pressure: 

52.3  atm 

(19) 

Heat  of  Vaporization: 

5,313  Kcal/mole  @  -13.1  C 

(19) 

Viscosity: 

3,245  cp  @  20°C 

(19) 

Specific  Heat: 

0,3355  cal/gm  K  @  20  C 

(19) 

Preparation:  Chlorine  pentaf lucridc  is  prepared  by  a  continuous  process, 
homogeneous  gas-phase  reaction  of  elemental  fluorine  and  chlorine. 

The  current  production  facility  has  a  maximum  operating  range  of 
2000  psig  and  6CG  F.  The  reaction  normally  is  carried  out  at  Z0Q°F 
and  between  1000  and  1500  psig.  (19) 

Toxic it- :  No  limits  have  been  established  at  the  present  time.  It 

she  lid  b©  treated  jimilar  to  chlorine  trifluoride  which  has  a  threshold 
limit  of  0.1  ppm.  (19) 

Sensitivity:  All  teats  have  shown  GIF-  to  be  insensitive  to  initiation 
and  will  not  propagate  a  detonation?  (19) 

Compatibility:  Compound  A  has  been  tested  with  Monel,  nickel,  Inconcl-X, 
Hastalloy  C,  aluminum,  stainless  steel,  copper  and  Teflon,  Essentially 
all  materials  tested  were  compatible  in  uncontaminnted  ClF^,  When 
C1FS  or  the  materials  ware  conca-1  iiuited  with  moisture  only* Uastelloy 
C  or  nickel  200  provided  >  :«*et  resistance  to  attack.  No  change 
in  composition  of  the  C1F,,  c  1  in  any  of  the  tests  was  detectable.  (19) 


r ^  .e  not  commercially  available  because  of 


Availability:  Currently  GIF, 

its  classification.  Several  companies  will  supply  small  quantities  at 
an  estimated  cost  of  $50  per  pound  to  government  contractors.  Pro¬ 
jected  cost  in  large  quantities  is  between  $0,50  and  $1,00  per  pound. 

Repacks :  Consult  reports  generated  under  Contract  AF  04(611)- 7023  and 
Contract  AF  04(611)-9563  for  additional  information. 
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OZONE 


Formula:  Oj 

Physical  Properties: 
coiling  Point: 
Freezing  Point: 
Density: 

Heat  of  Formation: 
Vapor  Pressure: 
Critical  temperature: 
Critical  Pressure: 
Heat  of  Vaporization: 
Viscosity: 

Specific  Heat: 


-111.9*0 
-192. ?°C 

K<:6  g/cc  @  -112°C 
1.371  g/cc  @  -183cC 
+34.4  Kcal/molc  @  25°C 

weak  fa 

-12, 1°C 
54. 6  atm 

3,410  cal/molc  <3  -111.9°C 
1.56  cp  ®  - 183. 0°C 
17  cal/mole  @  -1U.9  C 


a) 

u> 

CD 

(3) 

CD 

(D 

(D 

(D 

(D 


Preparation i  Purified  oxygen  is  fed  into  an  electric  discharge  or 
between  highly  charged  places,  the  reaction  30.  * — P»  20,  takas  . 
place  leaving  a  concentration  of  from  1  to  6  weight  percent  ozone. 
This  mixture  is  introduced  in£e  a  refrigerated  vessel  Where  the 
oxone  condensed  out  ut  -111.9°C  and  1  atm  partial  pressure,  (l) 


Toxicity:  The  reaction  on  the  human  akin  Is  similar  to  that  of  liquid 
oxygen  and  the  coldness  will  cause  severe  "burne".  Liquid  oxone  at 
temperatures  above  the  boiling  point  of  liquid  oxygen  will  give  off 
high  concentrations  of  gaseous  oxone  and  chare  is  the  danger  of 
building  up  to  s  toxic  concentration.  Concentrations  of  1  ppm  may 
be  readily  detected  by  the  human  nose,  The  maximum  allowable  con¬ 
centration  for  an  eight  hour  period  is  0, 1  ppm.  Concentrations  up 
to  20  ppm  may  be  considered  nontoxic  if  the  exposure  time  is  short.  (1) 


Sensitivity;  Ona  estimate  of  the  stability  of  liquid  oxone  is  that  at 
-183  C  its  sensitivity  la  comparable  to  that  of  nitroglycerin  at 
room  temperature,  gaseous  oxone  at  room  temperature  appears  to  be 
less  stable  than  liquid  oxone.  Very  pure  atone  (impurities  of  less 
than  2ppm)  has  shown  measurable ,  spontaneous  decomposition  at  roan 
temperature  in  clean  glass  containers,  (1) 

Coppat ijpll^tv:  The  following  materials  have  bean  shown  to  ba  compatible 
with  100%  ozone  (gaseous  and  liquid):  aluminum  (25,  35,  245,  525  and 
615),  stainless  steel  (302,  304,  316,  410  and  416),  Kal-F,  Teflon, 
Fluorocarbon  grease,  Kovsr ,  pyrex  and  silver  solders.  Soma  matarials 
ara  compatible  with  liquid  oxone  but  not  with  the  gse,  (1) 


Availability;  Beeauoe  of  stability  problems  associated  with  concen¬ 
trated  oxone,  it  is  costly,  hazardous  to  concentrate  and  difficult 
to  transport  and  store,  Concentrated  oxone  in  either  gaseous  or 
liquid  funs  is  usually  produced  and  used  as  needed.  (1)  The  pro¬ 
jected  cost  of  oeona  if  required  in  large  quantities  is  $0.09. 


3.16 


unclassified 


J$£2&2jS£}  Additional  lotoraation  la  contained  in  Wunfp,  C*  B« , 

BibUograrhy  of  Qzr>n»  ^chr-clo^y.  Vdl  2,  Attatttt  Esseavcli  JwOud* 
tion,  Chicago,  lUinoia  (1955). 
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MQXY  2 


Compos  it ion:  A  mixture  of  tri3  (difiuotamino)  fluorcneth4fie  (Compound 
&),  tetraf luorohydraaine  (N^)  and  perchloryl  fluoride  (CIC^F).  (20) 

MOXY- 2a 


r7n2f4/cio3f  :: 

30.3/61.8/7.9  mole  % 

Physical  Properties ; 

Boiling  Point: 

about  -80  C 

(20) 

Pr  gos  Poilit  ’ 

very  viscous  at  -135°C 

1.446  g/cc  (3  0°C 

1.335  g/cc  @  25°C 

(20) 

Density: 

(20) 

(20) 

Meat  of  Formation: 

-1®.  7  Kcal/raole 

(20) 

Critical  Temperature: 

856C 

(20) 

Viscosity: 

0.268  cp  @  0°C 

(20) 

Preparation:  FC(NF„),,  is  prepared  by  the  direct  fluorlnation 

of 

amraeline.  The  mixture  is  prepared  by  condensing  the  components 
together  in  r,  closed  vessel.  (20) 


Toxicity:  Preliminary  tests  indicate  that  Moxy- 2  toxicity  should  be 
based  on  the  component  l^F^,  threshold  value  he*  been  aet.  (20) 

Sensitivity:  Moxy  2a  la  less  sensitive  than  n- propyl  nitrate  as  teated 
lr.  an  adiabatic  U-tube  tester,  however,  it  is  sensitive  to  change  In 
flow  conditions,  especially  at  sharp  turns  in  line*  while  the  mixture 
is  flowing. 

Compatibility:  Platinum  was  the  only  mgtal  showing  no  attack  whatsoever 
after  exposure  to  the  oxldixer  at  43  C  for  a  period  of  several  weeks* 
Stainless  steels  347  and  316,  Monel  and  pure  aluminum  developed  light 
colored  films.  Stainless  steel  304,  iron,  copper,  nickel,  Hast  alloy 
B,  aluminum  E.C,  alloy  and  tantalum  exhibited  moderate  surface  attack 
by  formation  of  fairly  heavy  surface  coatings,  all  of  which  could  be 
scraped  off.  Teflon  is  the  moot  satisfactory  of  the  nonmetals  tested, 
while  Butyl  and  Buna-N  are  marginal.  (20) 

Availability:  There  is  no  known  source  producing  Moxy  2a  at  this  time. 

Remarks:  For  additional  information  consult  reports  generated  under 
Contract  AF  04(6ll)-81B2.  Initial  small  engine  teat  firings  with 
Moxy  2a  and  N_H,  showed  that  this  oxidise*  was  too  shock  sensitive 
to  safely  handle. 
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TE IRAKIS  (DIFLU03AMIKG)  KETSASE 
(Compound  T)  (Delta) 


Formula:  C(NF2)4 
Physical  Properties: 


—  ~  .  -  -  A  . . .  -l 

R  1  "Inf*  Ha  4  v*  +-  • 

“'“6  *  ■ 

,  ^ 

£  O 

(13) 

Freezing  Point: 

-20°C 

(13) 

Density: 

1.65  gm/cc  (3  25°C 

n 

Heat  of  Forest ion t 

: Ihis  Kcal/mole 

(17) 

Vapor  Pressure: 

— 

- 

Critical  Temperature: 

— 

Critical  Pressure: 

— 

Heat  of  Vaporization: 

6,4  Kcal/mole 

(13) 

Viscosity: 

— 

Specific  Heat: 

— 

Preparat Ion: 

a.  Minnesota  Mining  &  ManufacturingCompany  synthesis: 

(F2N)2C  =*  NF  +  NH3  •  Ly-+  (F2N)2C  -  NH2 

Tp 

-  m2L^rrc(NF2\ 

b.  American  Cyanamid  Company  synthesis: 

HNF 

(F2N)2C  =  NF  +  HNCO - >  (F2N)2(i  -  NCC 

(F2N)^ -  NCO  +  F2  -—Jo*  C(NF2)4  ^  (13) 

Toxicity:  Compound  "T’’  should  be  considered  to  be  as  toxic  as  chlorine 
trifluoride. 

Senslt ivity:  This  compound  is  highly  shock  sensitive. 

Compatibility:  Compatibility  should  resemble  that  of  chlorine  tri¬ 

fluoride. 

Availability:  Not  commercially  available.  It  has  only  been  made  in 
gram  quantities  in  the  laboratory. 
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LIQUID  PROPELLANT  PROPERTIES 
(Honopropellants) 
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CQNOTTIAL 


MONEX  D 

Formula:  A  thixotropic  mixture  of  beryllium  (16. 6%) ,  hydrazine 
nitrate  (28.7%),  hydrazine  (37,5%)  and  water  (17.0%).  This  com¬ 
position  along  with  0.3%  gelling  agent  has  been  designated  MONEX 
DM  17  G. 3 

Physical  Properties: 

Freezing  Point: 

Density: 

Vapor  Pressure: 

S  jif'C  i  f  iO  Si'iip  U 1  S>  r* : 

Preparation:  The  composition  is  formed  by  mixing  the  components 
together  in  a  moisture  free  atmosphere. 

Toxicity:  Monex  D  is  very  toxic  due  ti  the  presence  of  beryllium. 

Beryllium  handling  methods  and  precautions  must  be  used  when  working 
with  this  propellant. 

Sensitivity:  Konex  DW  17  G. 3  has  been  found  to  be  insensitive  to  shock 
using  the  standard  impact  sensitivity  test,  the  card-gap  test  and 
thermal  stability  test  for  monopropellants.  During  preparation, 
however,  the  sensitive  nature  of-  hydrazine  nitrate- most  be  considered. 

Compatibility  The  compatibility  of  Monex  D  is  determined  by  its  com¬ 
ponents.  1.  j  .erials  usable  with  hydrazine  should  be  compatible  with 
Mone.  . 

Availability:  Monex  is  still  in  the  development  stage.  Only  laboratory 
samples  have  been  prepared  to  date. 

Remarks :  For  additional  information  consult  reports  resulting  from 
Contract  AF  04(611)-9713. 


-57. 3°C  (30) 
1.229  g/cc  @  25°C  (30) 
9  mm  Kg  @  25°C  (30) 
306  sec  (30) 
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V.  LIQUID  PROPELLANT 
THEORETICAL  PERFORMANCE  SUMMARY 
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SUMMARY  OF  MAXIMUM  THEORETICAL  SPECIFIC  IMPULSE 
(1000/14.7  psia) 

(Shifting  Equilibrium) 
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SUMMARY  OF  MAXIMUM  THEORETICAL  DENSITY  IMPULSE 
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VI.  THEORETICAL  PERFORMANCE  DATA 
for 

FUELS  WITH  VARIOUS  OXIDIZERS 
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Hydra* ine- Be- (25 ,  35,  45) 


Hydras ine-AIH.  (25,  35,  45) 
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VII.  THEORETICAL  PERFORMANCE  DATA 
for 

OXIDIZERS  WITH  VARIOUS  FUELS 
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Chlorine  Trifluoride 


Heat  of  Formation  “  -19 
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VIII.  LIQUID  PROPELLANT  REFERENCES  \ 
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LIQUID  PROPELLANT  REFERENCES  .a 

*1.  "Liquid  Propellant  Handbook,"  Battelle  Memorial  Institute,  1955-1957. 
(Confidential)  .  . 


Aw.a  j.  i;aia, 


"JAnA?  n.ja  t 


gredients  (U) , "  1963-1964.  (Confidential) 


'SoiumlLoti  u£  l  rupelienc.  In- 


*3.  AFHPL  Computer  Data  File. 

4.  "Diborane,  Space  Storable  Fuel,"  Callery  Chemical  Co.,  January  1962. 

5.  "Design  Handbook  for  Oxygen  Difluoride,"  Donald  F.  Sekets,  ATD-TDR-63- 
1084,  Contract  AF  04(611)-8400,  Thiokol  Chemical  Co.,  Reaction  Motors 
Division.  (Confidential) 

*6.  "Hybaline  Liquid  Rocket  Fuels  -  Technical  Information,"  Union  Carbide 
Corporation,  1  November  1964.  (Confidential) 

7.  "The  Handling  and  Storage  of  Liquid  Propellants,"  AFM  160-39, 

1  April  1964. 

*8.  'Research  and  Development  of  Metal  Hydride  Organic  Nitrogen  Complexes," 
Final  Report,  3  Volumes,  Union  Carbide  Corporation,  1  November  1964. 
(Confidential) 

9.  "Handbook  of  Astronautical  Engineering,"  Heinz  Hermann  Koelle,  McGraw- 
Hill  Book  Co.,  1961. 

10.  "Storable  Liquid  Propellents,"  2nd  Ed.,  Report  No.  LRP  198,  Aerojet- 
General  Corp. ,  June  1962. 

11.  "Storable  Liquid  Propellants,"  Revision  A,  Aerojet-General  Corporation, 
October  1960. 


12.  "Liquid  Propellant  Manual,"  Liquid  Propellant  Information  Agency,  1961. 
(Confidential) 

*13.  "Solid  Rocket  Propellant  Research  and  Development  (U),"  Annual  Report, 
Jan-Dec  1962,  Contract  NOrd  18728,  American  Cyanamid  Co.  (Confidential) 

*14.  "Solid  Rocket  Propellant  Research  and  Development  (U),"  Progress  Re¬ 
port  No.  16,  April- June  1964,  Contract  NOrd  18728,  American  Cyanamid  Co. 
(Confidential) 

15.  ''Chemical  Safety  Data  Sheet  SD-84  -  Boron  Hydrides,"  Manufacturing 
Chemists  Association,  1961. 


Classified  information  has  been  extracted  from  documents  listed  under 
References  marked  with  an  asterisk. 
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16.  "Pentaborane,"  Technical  Bulletin  CT-1300*  Production  Information* 
Callery  Chemical  Co.,  1  October  1961. 

-  •  i* 

*17.  "Chemical  Research  as  Related  to  Advanced  Solid  Propellants.  (uy,”;  ‘i 
Report  No.  19  (Final  Report),  Jan  to  Dec  1963,  Contract  NOrd  18686,  Min¬ 
nesota  Mining  and  Manufacturing  Co.  (Confidential)  Lv.  " 

IS.  "Tefctttf luorohydrazine, "  Liquid  Propellant  Information  Agmncy  Unit, 

6  July  1962.  .  -  , .  .  .. 

*19.  "Preparation,  and  Characterization  of  a  New  High-Energy  Oxidizer  (U),n 
Final  Report,  Contract  AF  04(611)-9563,  Rocketdyne,  January  1963.  (Confi¬ 
dential) 

*20.  "Evaluation  of  a  High  Energy  Liquid  Propellant  Rocket  Engine  Oxidizer 
and  a  Pilot  Production  of  Same  (0),"  Final  Report,  Contract  AP  04(611)- 
8182,  Minnesota  Mining  and  Manufacturing  Co,  April  1965.  (Confidential) 

*21.  "Interhalogen  Oxidizers  and  Hydrazine  Fuels  for  Packaged  Liquid  Power 
Plants,"  TPR  120-64,  Thiokol  Chemical  Co.,  Reaction  Motors  Division, 

January  1964.  (Confidential) 

*22.  "Packaged  Liquid  Propulsion  Symposium,"  CP1A  Publication  No.  13, 

Bureau  of  Naval  Weapons,  March  1963.  (Confidential) 

23.  "Thermodynamics  of  Rocket  Propulsion  and  Theoretical  Evaluation  of 
Some  Prototype  Propellant  Combinations,"  Thomas  0.  Dobbins,  WADC  TR-59- 
757,  December  1959. 

24.  "Propellant  Performance  Data,"  Callery  Chemical  Co.,  1961. 

25.  "Theoretical  Liquid  Propellant  Performance  Calculations  (U),"  Donald 
G.  Nyberg,  NAVWEPS  report  8588,  NOTS  TR  3597,  U.S.  Naval  Ordnance  Test 
Station,  October  1964.  (Confidential) 

26.  "Theoretical  Performance  of  Rocket  Propellant  Combinations,"  Publi¬ 
cation  573- A- 2  Rev.  3-64,  Rocketdyne. 

*27.  AFRPL  (RPCL)  Computer  program, 

*28.  "Proceedings  of  the  Metallized  Gelled  Propellants  Conference,"  Air  Force 
Rocket  Propulsion  Laboratory,  10-12  June  1963.  (Confidential) 

*29.  "2nd  Metallized  Gelled  Propellants  Conference,"  Air  Force  Rocket  Pro¬ 
pulsion  Laboratory,  26-28  August  1964,  CFIA  Publication  No.  64,  November 
1964.  (Confidential) 

*30.  "Investigation  of  a  High-Energy  Monopropeilant,"  Annual  Summary  Re¬ 
port,  Rocket  Research  Corp,  AFRPL- TR- 65- 18 ,  April  1965.  (Confidential) 

•Classified  information  has  teen  extracted  from  documents  listed  under 
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Lithium  Borohydride 


Heat  of 

Formula  Name  Abbreviation  Density  (Ref)  Formation  (Re i) 
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CONFIDENTIAL 


UNCLASSIFIED 


SOLID  PROPELLANT  THEORETICAL  PERFORMANCE 
(listed  by  fuel) 


10.0 


iinoas 


r.r»rt 

ii  li 

■  •  m 


ALUMINUM 


207.  PE  /  657.  NP  /  157,  A1 


l£E 

281  sec 


3870°K 


C* 

5526  it /sec 


<2: 

Vac_ Iso 
355  sec 


207.  PE  /  657.  HAP  /  15%  A1 

Isp  Tc  Density 

253  sec  2930°K  1.699  g/cc 


(2: 

—  Vec  Isp 

5237  ft/'sec  321  sec 


157.  NO  /  307,  THETN  /  17.  AN  /  447.  INFO  635  /  107.  A1  (2! 

Isp  Tc  Density  C* 

279  sec  2640°K  1.79  g/cc  5510  ft/sec 


NOTE: 

XTT~ lea  level  specific  impulo..  yalues  sre  at  1000  psia  chamber  preesure 
expanded  to  14.7  psia. 

All  vacuum  specific  impulse  values  sre  st  1000  psia  chamber  pressure  and 
ar  e:<  janaion  ratio  of  40:1. 


10. 1 

UNCLAS'  FlkD 


BERYLLIUM 

25%  TtffiTN  /  4%  DEGDN  /  9.5%  PNC  /  1.5%  TDI  /  27.73?.  AP  /  12.277.  Be  /  20%  TAZ 

<■2  5) 

Isp  T  T)<» w si  tv  C» 

267  sec  3552°K  1.691  g/cc  5631  ft/sec 


23.12%  £METN  /  2.78%  DEGDN  /  8.79%  NC  /  1.85%  Till  /  0.46%  EC  /  29.11%  AP  / 
11.89%  Be  /  22%  THA  (23) 


IS2 


T 

*“C 


Density 


Vac  lap 


29:  sec  3485  K  1,628  g/cc  5650  ft/sec  332  sec 


13%  NC  /  37%  TMETN  /  33%  AP  /  17%  Be 


(8) 


ii£ 

280  sec 


T 

—c 

3965°K 


Density 
1. 66  g/cc 


9.957.  NC  /  14.93%  TMETN  /  16,41%  DEGDN  / 
19.9%  TAZ 


1.0%  TDI  /  26  26%  AP  /  11.55%  Be  / 

(8) 


9  sec 


Tc  Density 

343 1°K  1.62  g/cc 


NOTE: 

All  ttv  ...-■•cl  ■pacific  impulse  values  are  at  1000  p«ia  chamber  pressure 
expanded  to  l't.7  pa  la. 

All  vacuum  specific  Impulse  values  are  at  1000  paia  chamber  pressure  and 
an  axpanalon  ratio  . f  40: 1, 


10.2 


UNCLASSIFIED 


BORON 


P* BEP/TVOPA  : ;  1/1 

25%  Binder  /  50%  BTU  /  20%  AP  /  5%  Bo  rot, 


122 

297  sec 


Density 
1.828  g/cc 


5940  ft/sec 


36b  sec 


P-  BEP/'TMETN  ::  1/1 

25%  Binder  /  60%  ETU  /  10%  AP  /  5%  Boron  (2^) 


lap 

299  sec 


T .  Density  C*  '  'ac  Isp 

4340  tv  1.766  g/cc  5981  ft /sec  36-9  sec 


35%  P-BEP  /  40%  BTU  /  20%  NP  /  5%  Born 

Isp  T^  Density 

300  sec  4408°K  1.807  g/cc 


3951  ft/sec 


(25) 


Vac  lap 
374  sec 


Vui  P-BEP  /  25%  AP  /  5%  Boron 


(25) 


Isp  Tc  Density  C*  Vac  Isp 

279  sec  3409°K  1.742  g/cc  5568  ft/sec  344  sec 


NOTE ; 

All  tea  level  specific  impulse  ai  .e-  .  "<»  at  1000  p"ia  chamber  pressure 
expanded  to  14,  y-id. 

All  vacuum  ipecirlr  '  Ise  valae1:  are  at  1000  pels  chamber  pressure  and 
a  ,  expansion  i o  of  uu:i. 

UNCLASSIFIED 


tlMCLASSifllP 


UlalUM 

/-  *r  w  «rt  f  “*  •?**  -  *  /  /.  t-  a*  — ■.  -rv- 

Xo*//*  r-i>o*  y  i.H.H/a  iSir  /  uk  //,  .ui  /  <+,»*<./»  jqj.u 

Isp  Tc  Density 

309  sec  4561°K  1.40  »/cc. 


<25) 


POLYU 


757.  N?  (57.  Coat)  /  257.  POLYU 


IS£ 

270  sec 


!c  C* 

3518°K  5182  ft/sec 


(25) 


NOTE: 

All  sea  level  specific  Impulse  values  ere  at  1000  ptia  chamber  pressure 
expanded  to  14.7  pa la. 

/li  vacuum  specific  impulse  values  are  at  1000  psla  chamber  pressure  and 
an  expansion  ratio  of  40:1. 


10.4 

■a  ms  M  s  s  iji#  imi  a  k> 


87.  NC  /  247.  TEGDN  /  507.  INFO- 635  /  187.  LMH-  1  (;:5) 

lsp  Tc  Density  C*  Vac  lep 

280~sec  3156°K  1.62  g/cc  5545  ft/sec  410  sec 


NOTE: 

All  sea  level  specific  Impulse  values  are  at  1000  pale  chamber  pressure 
expanded  to  14.7  pale. 

All  vacuum  specific  impulse  values  are  at  1000  pala  chamber  pressure  and 
an  expansion  ratio  of  40:1. 

10.5 


i 

i 


LMK-2 


207,  F-SEP  /  55%  AP  /  257,  LKK-2 
■fatP, 

321  sec 


1C. 87,  NC  /  3.97.  DEGCN  /  35.1%  NIBTN  /  35.2%  AP  /  15%  LMH-2 

Isp  Dens ity 

301  sec  3588°K  1.27  g/cc 


_  ,  ,o  , 

.'.215  0  K. 


Density 
i.2o  g/cc 


SiUO  it/  ost 


<25) 


V  1)3  p  j 

I 

M  ^  ^  * 

"tl  J  frvv  ! 


i 


(18) 


11.46.  NC  /  23%  TMETN  /  22%  Plasticizer  /  27%  AP  /  3.27.  Be  metal  /  13.5% 


LMH-2  (amorphous) 


(8) 


l2£ 

304  sec 


T  Density 

— C  - 

3453°K  1.36  g/cc 


48%  TMETN  /  2.37,  PMMA  /  29.6%  NP  (5%  coat)  /  1.1%  Be  /  19%  Beane  (8) 

Isp  Tc  Density 

317  sec  3588°K  1.27  g/cc 


33%  P-BEP  /  43%  NP  /  247,  LMH-2  (Density  0.82  g/cc) 


Isp 

T 

— c 

Density 

325  sec 

3667 °K 

1.49  g/cc 

63.5%  Double  ^ 

'  Binder*  / 

17%  AP  /  19.5%  1KH-2 

I*E 

T 

— c 

Density 

311  sec 

334.  ; 

1.37  g/cc 

(25) 


(25) 


„  NC  /  627.  NG  /  •„  TA  /  27.  NDPA  /  Res. 

tiQTE:  All  . iV«l  apeci*-1  jjnpulse  values  are  at  1000  ptia  chamber 

pressure  e.  -ed  to  14.7  pala. 

All  vacuum  specific  impulse  values  are  at  1000  pais  chamber  pressure  and 
an  expansion  ratio  of  40:1. 

1  .6 

C0»mF'’,U 


eiiu»niee 


SOLID  PROPELLANT  THEORETICAL  PERFORMANCE 
(listed  by  oxidizer) 


UNCLASSIFIED 


SBHFMMIAl 


AMMOMIIW  PERCHLORATE 


25“  TMETN  /  47,  DEGDN  /  5.5%  PNC  /  1.5%  TD 


Isp 

287  sec 


3552°K 


Density 
1,69  g/cc 


C* 

5631  ft/aec 


i  a  a-jv 

*  —  *  *»  f  <* 


BE  l  207.  TA2 
(25) 


23.12%  Tt-IETN  /  2.787.  DEGDN  /  8.79%  NC  / 
11.897.  Be.  /  227.  THA 


1.857.  TDI  /  0.467.  EC  /  29.11%  AP  / 

(25) 


Isp  Density 

293  sec  3485°K  1.628  g/cc 


C*  Vac  lap 

5650  ft/sec  332  sec 


137.  NC  /  377.  METO  /  337.  AP  /  17%  Be 

_Is£  Tc  Penalty 

280  sec  3965°K  1.66  g/cc 


(8) 


9.95%  NC  /  14.93%  TMETN  /  16.41%  DEGDN  /  1.0%  TDI  /  26.26%  AP  /  11.55%  Be  / 
19.9%  TAZ  (8) 

Ist>  Density 

289  sec  3481°K  1.62  g/cc 

20%  P-BEP  /  557,  AP  /  25%  LMH-2  (25) 

Isp  Density  C*  Vac  lap 

321  sec  3290°K  1.279  g/cc  6168  ft/sec  413  sec 

10.8%  NC  /  3.9%  DEGDN  /  35.1%  NIBTN  /  33.2%  AP  /  15%  LMH-2  (18) 

Isp  T^_  Density 

301  sec  3580°K  1.27  g/cc 

NOTE: 

Atr  •««  lrv*l  specific  impulse  values  are  at  1000  paia  chamber  preasure 
expanded  to  14.7  pals. 

All  vacuum  specific  impulse  values  are  at  1000  pala  chamber  pressure 
and  an  expansion  ratio  of  40.1. 


11.1 


_  .  , * 

CONFIDENTIAL 


11.4%  NC  /  23%  TMETN  /  22%  Plasticizer  /  27%  AP  /  3.2%  Be  /  i3.5%  LMH-2 
(amorphous)  (g) 

Isp  Density 

304  sec  3453°K  1.36  g/cc 


63.5%  Double  Base  Binder*  /  17%  AP  /  19.5%  1HH-2 

Density 
1.37  g/cc 

*29%  NC  /  62%  NG  /  5%  TA  /  2%  NDPA  /  2%  Res. 


(25) 


llLR 

311  sec 


T 

— c 

3345°K 


25%  Binder  (P-BEP/TVOPA  ::  1/1)  /  50%  BTU  /  20%  AP  /  5%  Boron 
HE  T 


(25) 


297  sec 


425S°li 


Density 
1.828  g/cc 


C* 

5940  ft/sec 


Vac  lap 
366  sec 


25%  Binder  (P-BEP/TMETN  ::  1/1)  /  60%  BTU  /  10%  AP  /  5%  Boron 


(25) 


HE 


Density 


299  sec  4340  K  1.766  g/cc 


C* 

5981  £t/sec 


Vac  Isp 
369  sec 


70%  P-BEP  /  257.  AP  /  5%  Boron 
T 


He 

279  sec 


3409°K 


Dens lty 
1.742  g/cc 


(25) 


C* 

5568  ft/sec 


Vac  lap 
344  sec 


NOTE: 

All  tea  level  specific  impulse  vslues  are  at  1000  psia  chamber  pressure 
Expanded  to  14.7  pais. 

All  vacuum  specific  impulse  veluea  are  n.  1000  pels  chamber  pressure 
snd  an  expansion  ratio  of  40:1. 


11.2 


^ONFIOENTIAl 

wITROWIUH  PERCHLORATE 


20%  PE  /  65%  NP  /  15%  A1 


(25) 


J-Sy  T 

281  sec  3870=K 


ueiis  Ity 


Cg  Vac  lap 

1.772  g/cc  5326  ft/ssc  355  sac 


2071  P£  /  62.57,  NP  /  17.57,  LMH-i 


T 

— c 


Density 


292  sec  3527 "K  1.616  g/cc 


(25) 


e* 

5781  ft/sec 


Vac  Isp 
361  sec 


487,  TMETN  /  2.37,  PMMA  /  29.6%  NP  (5%  coat)  /  1.1%  Be  /  197,  Beane 

Densltv 


(8) 


tsp 

317  sec 


T 

— c 

5388  °K 


1. 27  g/cc 


337,  P“BEP  /  437  NP  /  247,  LMH-2  (Density  0 


(25) 


Isp 

352  sec 


T 


Density 


3667  K  1.49  g/cc 


35%  F-BEP  /  40%  BTU  /  20%  Np  /  5%  Boron 

l££  Ic  Dens  It v 

300  sec  4408 °K  1.807  g/cc 

28.77,  P-BEP  / 

308  sec 


14.4%  NP  /  11.7%  Li  /  45.2% 

T  Density 

— c  - d- 

4761°K  1.40  g/cc 


£1 

5951  ft/sec 


BTU 


(25) 

Vac  Isp 
374  sec 


(25) 


7  5%  NP  (57,  coat)  /  25%  POLYO  (25) 

M  Ic  S* 

270  sec  3518°K  5182  ft/sec 

NOTE:  All  sea  level  specific  impulse  values  are  at  1000  psia  chamber 

pressure  expanded  to  14.7  psia. 

All  vacuum  specific  impulse  values  ore  at  1000  psia  chamber  pressure 
and  an  expansion  ratio  of  40:1. 


11. .3 

mOENTIAL 


CONFIDENTIAL 


HAP 


207.  PE  /  65%  HAP  /  15%  A1 


(25) 


I«£  !c  density 

263  sec  2930°K  1.699  g/cc 


C*  Vsc  Iso 

5237  ft/sec  321  sec 


2C%  PE  /  55%  HAP  /  25%  LMH-1  (25) 

Isp  Tc  Dan si ty  Vac  Isp 

272  sec  2423°K  1.53  g/cc  343  sec 


NOTE: 

aTT%««  level  specific  Impulse  values  are  at  1000  psia  chanbav  preaaure 
expanded  to  14.7  pal*. 

All  vacuum  specific  Impulse  values  are  at  1000  psla  chamber  pressure 
and  an  expanelon  ratio  c.  40:1. 

11.4 

cwinoernM 


(25) 


CONFIDENTIAL 


INFO  635 

157.  NC  /  307.  TMETN  /  17.  AN  /  44%  INFO  635  /  10%  A1 

lap  Tc  Density  C* 

279  sec  364Q°K  1.79  g/cc  5510  ft/sec 

8%  NC  /  24%  TEGDN  /  50%  INFC  635  /  18%  LMH-1 

isp  T£  Density  C*  Vac  Isp 

280  sac  3156°K  1.62  g/cc  5545  ft/sec  410  sec 


NOTE; 

Afl"”sea  level  specific  impulse  values  ans  at  1000  pale  chamber  pressure 
expanded  to  14.7  psla- 

All  vacuum  specific  impulse  values  are  at  1000  pels  chamber  pressure  and 
ar  expansion  ratio  of  40:1. 


C9MFMMTL*l 


UNCLASSIFIED 


ABBREVIATIONS  AND  CODE  NAMES 
foi 

SECTIONS  X  AND  XI 


12.0 


QNCLASSIFIKD 


CONFIDENTIAL 


Symbol 


A1 

AN 

AP 

Be 

Beane 


BTU 

DEGDN 

EC 

HAP 

INFO  635 
Li 

LMH-  1 
LMH-2 


NC 

NDPA 

NG 

NI3TN 

NP 

P-BEP 

PE 

rMMA 

PNC 

POLYU 

Res 

TA 

TAZ 

TDI 

TEGDN 

THA 

TMETN 


TVOPA 


ABBREVIATIONS  AND  CODE  NAMES 

Name 

Aiuminum 
Adiponitr lie 
Ammonium  perchlorate 
Beryllium 
Beryllium  hydride 

Sis  [Tris  (Diflucramino)  methyl]  urea 
T)< ethvleneglycoldinitrate 
Ethyl  centralite 
Hydroxy lammonium  perchlorate 

[2-Tris  (Dif luoramino)  methoxyj  ethylammonium  perchlorate 
Lithium 

Aluminum  hyoride 

Beryllium  hydride 

Nitrocellulose 

2- N  i.erodipheny  Incline 

Nitroglycerin 

Nitroisobutane  trinitrate 

Nitronium  perchlorate 

Poly  [l ,  2-bis  (dif luoramino)!  -2,  3- epoxy  propane 

Polyethylene 

Polymethylmethacrylate 

Polynitrocellulose 

Polyurethane. 

Resorcinol 
Tr  iacetin 

Tr  iaminoguanadiniuxnaz  ide 
Toluene  diisocyanate 
Triethyleneglycol  dinitrate 
TAZ  •  N2H5N3 

Tr imethylolethane  trinitrate 

Tris  [bis  (dif luoramino)  vinoxy]  propane 


CONFIDENTIAL 


wcussirsib 
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XIII.  SOLID  PROPELLANT  DATA  SOURCE  LIS 


« 


UNCLASSIFIED 


UNCLASSIFIED 


SOLID  PROPELLANT  DATA  SOURCE  LIST 

I.  1103A  Computer  Program  Data  File 

24  NfcAwicris!  of  S£&i"sdG**cis 

3.  Fennsaic  Chemicals  Corporation 

4.  Esso  Research  and  Engineering  Company 

5.  Gallery  Chemical  Cor.psny 
o.  American  Cyanamid  Company 

7.  Dow  Chemical  Company 

8.  Atlantic  Research  Corporation 

9.  Aerojet-General  Corporation 

10.  E.  I.  du  Pont  de  Nemours  &  Company 

II.  Minnesota  Mining  and  Manufacturing  Company 

12.  Ethyl  Corporation 

13.  Union  Carbide  Chemical  Company 

14.  Chemical  Engineering  Handbook 

15.  Handbook  of  Chemistry  and  Physics 

16.  JANAF  Compilation 

17.  United  Technology  Corporation 

18.  Lockheed  Propulsion  Company 

19.  Rocketdyne 

20.  Navy  Propellant  Plant 

21.  National  Research  Corporation 

22.  Thlokol  Chemical  Corporation 

23.  AFRPL  (RPCL)  -  calculated 

24.  United  Aircraft  Corporation 
23.  AFRPL  Computer  Program 
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II  ABSTRACT 


(U)  A  compilation  of  data  on  both  liquid  and  solid  propellants  is  presented 
with  emphasis  on  liquids.  Physical  properties  of  liquids  include:  boiling  point, 
freezing  point,  density,  heat  of  formation,  vapor  pressure,  critical  properties, 
heat  of  vaporization,  viscosity  and  specific  heat.  A.  discussion  of  the  preparation 
method,  toxicity,  sensitivity,  compatibility  and  availability  of  liquid  propellants 
is  also  given.  Property  data  on  solid  propellant  components  consists  of  densities 
and  heats  of  formation.  The  results  of  theoretical  calculations  on  the  perform¬ 
ance  of  both  liquids  and  solids  is  presented  and  includes,  when  available  and 
applicable,  the  maximum  specific  impulse,  characteristic  exhaust  velocity,  i 

chamber  temperature,  mixture  ratio,  bulk  density,  maximum  density  impulse  j 
and  mixture  ratio,  vacuum  specific  impulse  and  area  ratio,  ^ 
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